Eutrophication of Loch Kilconquhar, with special reference to phosphate by Mansor, Mashhor
  
 
EUTROPHICATION OF LOCH KILCONQUHAR, WITH 
SPECIAL REFERENCE TO PHOSPHATE 
 
Mashhor Mansor 
 
A Thesis Submitted for the Degree of PhD 
at the 
University of St Andrews 
 
 
  
1982 
Full metadata for this item is available in                                                                           
St Andrews Research Repository 
at: 
http://research-repository.st-andrews.ac.uk/ 
 
 
 
Please use this identifier to cite or link to this item: 
http://hdl.handle.net/10023/14345            
 
 
 
 
This item is protected by original copyright 
 
''h
EUTROPHICATION OF LOCH KILCONQÜHAR, 
WITH SPECIAL REFERENCE TO PHOSPHATE
M ash h o r  M anso r
A t h e s i s  s u b m i t t e d  t o  t h e  
U n i v e r s i t y  o f  S t .  Andrews  
f o r  t h e  D e g r e e  o f  
D o c t o r  o f  P h i l o s o p h y .
D e p a r t m e n t  o f  B o t a n y ,
S t .  S a l v a t o r *  s C o l l e g e ,  
U n i v e r s i t y  o f  S t .  A n d re w s ,
O c t o b e r  1981
S .
ProQuest Number: 10167061
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 10167061
Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLO.
ProQuest LLO.
789 East Eisenhower Parkway 
P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346
ABSTRACT
T h i s  t h e s i s  i s  m a i n l y  b a s e d  on w ork  d o n e  i n  L o c h  
K i l c o n q u h a r ,  F i f e ,  an d  a l s o  t o  a  l e s s e r  e x t e n t  i n  L o ch  
L i n d o r e s ,  F i f e ,  f r o m  M arch  1979  t o  M arch  1 9 8 1 .  I t  d i s ­
c u s s e s  t h e  s e a s o n a l  p r o d u c t i v i t y  o f  t h e  l a k e s  and  a l s o  t h e  
n u t r i e n t  c o n c e n t r a t i o n s ,  w i t h  s p e c i a l  r e f e r e n c e  t o  p h o s p h a t e .
The o v e r a l l  p r o d u c t i v i t y  o f  p h y t o p l a n k t o n  i n  L o c h  
K i l c o n g u h a r  i s  h i g h  c o m p ared  w i t h  L o c h  L i n d o r e s ,  The  h i g h  
p l a n k t o n  d e n s i t i e s  i n  Loch  K i l c o n g u h a r  d u r i n g  w i n t e r  w e re  
a t t r i b u t e d  t o  D i a t o m  s p e c i e s  s u c h  a s  S t e p h a n o d i s c u s , A n a b a e n a  
f l o s - a q u a e  f o r m e d  t h e  m a s s i v e  b l o o m  d u r i n g  May 1980 an d  
r e a c h e d  t h e  maximum v a l u e  o f  U 6 l .8 i+  + 4 7 . 0 2  mg m~ c h l o r o p h y l l  a  
i n  t h e  m i d d l e  o f  t h e  m o n th ,  w h i c h  was  f o l l o w e d  b y  a  s e c o n d  
b l u e - g r e e n  b l o o m  o f  A p h a n iz o m e n o n  f l o s - a q u a e  i n  l a t e  summer.
The  s u b m e r g e d  m a c r o p h y t e s  s u c h  a s  M y r i o p h v l l u m  s p i c a t u m . 
Z a n i c h e l l i a  p a l u s t r i s  an d  B n t e r o m o r p h a  i n t e s t i n a l i s  g rew  we 11 
on t h e  w e s t  s i d e  o f  t h e  l o c h  a f t e r  t h e  d e c l i n e  o f  t h e  A n a b a e n a  
b lo o m  i n  J u l y  1 9 8 0 .  The v a l u e  o f  s e d i m e n t a r y  c h l o r o p h y l l  
r e a c h e d  a  maximum o f  1 3 . 9 6  + 2 , 0 4  mg m” ^ i n  l a t e  A p r i l  1 9 8 0 ,
The  h i g h  c o n c e n t r a t i o n  o f  S o l u b l e  R e a c t i v e  P h o s p h a t e  
( r a n g e :  0 . 0 0 4  -  0 . 7 8 0  m g / l  PO^-P)  an d  N i t r a t e - n i t r o g e n
( r a n g e :  0 , 9 8 0  -  2 . 3 5 0  m g / l  NO^-N) a l s o  i n d i c a t e s  t h a t  L o c h
K i l c o n g u h a r  i s  a  n u t r i e n t - r i c h  f r e s h w a t e r  l o c h .  I t  i s  
i n t e r e s t i n g  t o  n o t e  t h a t  t h e  s o l u b l e  p h o s p h a t e  i s  e x c e p t i o n a l l y  
h i g h  c o m p ar ed  w i t h  o t h e r  . f r e s h w a t e r  l o c h s  i n  S c o t l a n d .
T h e r e  a r e  s e v e r a l  p o s s i b l e  r e a s o n s  f o r  t h i s  h i g h  c o n c e n t r a t i o n .  
F i r s t l y ,  d r a i n a g e  f r o m  an  a g r i c u l t u r a l  a r e a  may c o n t a i n  much 
p h o s p h a t e .  H ow ever ,  t h e  i n f l o w  i n  t h i s  c a s e  h a s  l i t t l e
s o l u b l e  p h o s p h a t e  b u t  i s  h i g h  i n  s o l u b l e  n i t r a t e .  S e c o n d l y ,  
d e c o m p o s i t i o n  o f  o r g a n i s m s ,  n o t a b l y  p h y t o p l a n k t o n  b l o o m s  and  
m a c r o p h y t e s ,  may c o n t r i b u t e  t o  t h e  h i g h  c o n c e n t r a t i o n  o f  
p h o s p h a t e ;  t h e s e  o r g a n i s m s ,  h o w e v e r ,  m u s t  i n  t u r n  o b t a i n  t h e i r  
p h o s p h o r u s  f r o m  w a t e r  and  s e d i m e n t .
The t h i r d  p o s s i b i l i t y ,  and  p r o b a b l y  t h e  m os t  i m p o r t a n t ,  
i s  t h e  n u t r i e n t  r e l e a s e  f r o m  t h e  l o c h  s e d i m e n t .  I n  a  
l a b o r a t o r y  e x p e r i m e n t ,  i t  was shown t h a t  when t h e  d i s s o l v e d  
oxygen  d r o p p e d  b e l o w  1 m g / l  a n d  t h e  r e d o x  p o t e n t i a l  By f e l l  
b e l o w  240  m V o l t ,  s u b s t a n t i a l  a m o u n t s  o f  n u t r i e n t s ,  p a r t i c u l a r l y  
p h o s p h a t e ,  w e r e  r e l e a s e d  i n t o  t h e  o v e r l y i n g  w a t e r .
The p r i m a r y  s o u r c e  o f  n u t r i e n t  i n  L o ch  K i l c o n g u h a r  i s  
t h e  p h o s p h o r u s - r i c h  e x c r e m e n t s  o f  t h e  l a r g e  w i l d f o w l  
p o p u l a t i o n  a n d  a l s o  g u l l s  on  t h e  l o c h .  ’ The r e s u l t s  show 
t h a t  one  g o f  f r e s h  d u c k  d r o p p i n g  h a s  a  mean c o n t e n t  o f  
4 1 7 0  ±  3 5 0  m g /kg  t o t a l  p h o s p h a t e  an d  one  g o f  g u l l  d r o p p i n g  
h a s  5 0 7 2  + 748  m g/kg  t o t a l  p h o s p h a t e .
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INTRODUCTION
A c c o r d i n g  t o  P r a n k e  ( 1 9 7 5 ) ,  m a n ' s  c l o s e  d e p e n d e n c e  on  
t h e  p r e s e n c e  o f  w a t e r  i s  w e l l - d o c u m e n t e d .  Many o f  t h e  g r e a t  
p a s t  c i v i l i z a t i o n s  w e r e  h o r n  a n d  e v o l v e d  b e c a u s e  o f  t h e  p r e s e n c e  
o f  an  a d e q u a t e  w a t e r  s u p p l y  f o r  d r i n k i n g ,  f o o d  p r e p a r a t i o n ,  
c o m m e r c i a l  c o m m u n i c a t i o n  and  i r r i g a t i o n .  The N i l e  i n  E g y p t ,  
t h e  T i g r i s  a n d  E u p h r a t e s  i n  M e s o p o ta m ia ,  t h e  Y e l l o w  R i v e r  i n  
C h in a  and  t h e  I n d u s  i n  I n d i a ,  h a v e  a l l  b e e n  s i t e s  o f  
s i g n i f i c a n t  c i v i l i z a t i o n s .
We a r e  a l m o s t  u n a w a r e  t h a t  o u r  own e x i s t e n c e  i s  s t i l l  
d e p e n d e n t  on w a t e r  a n d  t h a t  t h e  w o r l d ' s  s u p p l y  o f  c l e a n  w a t e r ,  
so  e s s e n t i a l  t o  o u r  l i f e ,  may w e l l  b e  d e p l e t e d  an d  e x h a u s t e d  
i n  t h e  n e a r  f u t u r e .  I t  s h o u l d  b e  n o t e d  t h a t  t h e  p r o b l e m  o f  
m a i n t a i n i n g  a n  a d e q u a t e  an d  p u r e  w a t e r  s u p p l y  i s  no l o n g e r  a  
m in o r  i s s u e ,  b u t  a  g l o b a l  p r o b l e m  w h i c h  f a c e s  a l l  t h e  n a t i o n s  
i n  t h e  w o r l d .
The p r o b l e m s  o f  p o l l u t i o n  a n d  e u t r o p h i c a t i o n  o f  f r e s h ­
w a t e r  t e r m s  d e f i n e d  p r e s e n t l y  a r e  w e l l - k n o w n  t o  b e  c r u c i a l ,  
p a r t i c u l a r l y  f o r  i n d u s t r i a l  c o u n t r i e s  w i t h  h i g h  p o p u l a t i o n  
d e n s i t y .  A c c o r d i n g  t o  R a v e r a  ( 1 9 7 8 ) ,  a n  i n c r e a s e  i n  t h e  
c o n s u m p t i o n  o f  f r e s h w a t e r  an d  a  d e c r e a s e  i n  t h e  q u a n t i t y  o f  
c l e a n  w a t e r  a v a i l a b l e  c o u l d  h a v e  v e r y  s e r i o u s  c o n s e q u e n c e s  
i n  c e r t a i n  a r e a s .
As e x p l a i n e d  b y  V o l l e n w e i d e r  (1 9 7 0 )  i t  i s  v i r t u a l l y  
i m p o s s i b l e  t o  make a  c l e a r - c u t  d i s t i n c t i o n  b e t w e e n  w a t e r  
p o l l u t i o n  an d  e u t r o p h i c a t i o n ,  a s  t h e y  a r e  i n t e r r e l a t e d .
To a  c e r t a i n  e x t e n t ,  h o w e v e r ,  a  l i n e  may b e  d ra w n .  I n  t h e  
c a s e  o f  p o l l u t i o n ,  t h e  p o l l u t a n t  s o u r c e s  a r e  u s u a l l y  r e a d i l y
2 .
i d e n t i f i e d  ( f o r  e x a m p l e ,  f a c t o r y  d i s c h a r g e )  and  t h e  t o x i c  
e f f e c t s  on t h e  a q u a t i c  e c o s y s t e m  a r e  i m m e d i a t e .  W i th  
e u t r o p h i c a t i o n ,  on t h e  o t h e r  h a n d ,  t h e  e f f e c t s  a r e  g r a d u a l  and  
t h e  s o u r c e s  a r e  s o m e t i m e s  d i f f i c u l t  t o  d e t e c t  w i t h o u t  much 
s t u d y  ( f o r  e x a m p l e ,  i n v o l v i n g  i n f l o w ,  l a k e  s e d i m e n t  o r  e v e n  
d e n s e  w a t e r f o w l  p o p u l a t i o n ) .
Downey ( 1 9 7 7 )  a n d  P a l m e r  ( 1 9 8 0 ) r e f e r  t o  " e u t r o p h i c a t i o n "  
a s  t h e  c o n t i n u o u s  e n r i c h m e n t  o f  w a t e r  b y  t h e  a d d i t i o n  o f  
s u b s t a n c e s  s u c h  a s  p h o s p h a t e  and  n i t r a t e  t h a t  p r o v i d e  f o r  t h e  
i n c r e a s i n g  g r o w t h  o f  a q u a t i c  l i f e ,  p a r t i c u l a r l y  u n w a n te d  a l g a e .  
S u b s e q u e n t l y ,  s e r i c u s  o x y g e n  d e p l e t i o n  c a n  o c c u r ,  p a r t i c u l a r l y  
a t  n i g h t ,  r e s u l t i n g  i n  m arked  d e t e r i o r a t i o n  in  w a t e r  q u a l i t y .  
E u t r o p h i c a t i o n  i m p l i e s  i n s t a b i l i t y  o r  c h a n g e .
N ow adays ,  t h e  r a t e  o f  e u t r o p h i c a t i o n  i s  g r e a t l y  
a c c e l e r a t e d  b y  t h e  a c t i v i t i e s  o f  man i n  d i s c h a r g i n g  e x c e s s i v e  
n u t r i e n t s  t o  t h e  w a t e r .  V a l l e n t y n e  ( 1 9 7 4 ) c a l l s  t h i s  p r o c e s s  
" c u l t u r a l "  o r  "m an-m ade"  e u t r o p h i c a t i o n .  As s t a t e d  b e f o r e ,  
t h i s  more  r a p i d  p r o c e s s  h a s  b e e n  t a k i n g  p l a c e  i n  t h o u s a n d s  o f  
l a k e s  i n  r e c e n t  d e c a d e s ,  p a r t i c u l a r l y  i n  t h e  d e v e l o p e d  
c o u n t r i e s  l i k e  U . S . A .  , B r i t a i n  a n d  J a p a n .
E a s i e r  an d  I n g e r s o l l  ( 1 9 7 0 )  s t r e s s e d  " c u l t u r a l "  i n  t h e  
s e n s e  t h a t  i t  s p e e d s  up  a  n a t u r a l  phenomenon  t h r o u g h  m u n i c i p a l  
s ew a g e ,  i n d u s t r i a l  w a s t e  a n d  a g r i c u l t u r a l  r u n - o f f .  I t  h a s ’ 
b e e n  f u r t h e r  c l a i m e d  b y  V a l l e n t y n e  ( 1 9 7 4 ) t h a t  a t  l e a s t  50^  
o f  p h o s p h a t e  i n  m u n i c i p a l  s ew age  i n  N o r t h  A m e r i c a  i s  d e r i v e d  
f rom  d e t e r g e n t s  w h ic h  e m p lo y e d  p h o s p h a t e  ( e x a m p l e ;  s o d iu m  
t r i p h o s p h a t e )  a s  a n  i n g r e d i e n t  t o  co m b a t  w a t e r  h a r d n e s s .  As 
a  r e s u l t ,  G r e g o r  and  J o h n s o n  ( 1 9 7 9 )  o b s e r v e d  t h a t  more  t h a n  
one  t h i r d  o f  A m e r i c a ' s  1 0 0 , 0 0 0  l a k e s  a r e  s h o w i n g  s i g n s  o f
3 .
c u l t u r a l  e u t r o p h i c a t i o n .
A c c o r d i n g  t o  G o l t e r m a n  (1 9 7  7) m os t  l a k e s  i n  E u r o p e  i n c l u d i n g  
t h o s e  i n  l o w l a n d  B r i t a i n ,  a r e  a l s o  s e r i o u s l y  t h r e a t e n e d  b y  
c u l t u r a l  e u t r o p h i c a t i o n .  Ward and  Dubos  ( 1 9 8 O) s t a t e d  t h a t  
B r i t a i n  i s  one  o f  t h e  m o s t  h i g h l y  f e r t i l i z e d  f a r m i n g  c o u n t r i e s  
i n  t h e  w o r l d ;  o n l y  J a p a n  and  t h e  N e t h e r l a n d s  u s e  a r t i f i c i a l  
f e r t i l i z e r s  more i n t e n s i v e l y .  E v e r y  y e a r  B r i t i s h  f a r m e r s  
a p p l y  a t  l e a s t  t h r e e  t i m e s  more n i t r o g e n  p e r  a c r e  t h a n  t h e  
A m e r i c a n s .  The R o y a l  C o m m is s io n  on E n v i r o n m e n t a l  P o l l u t i o n  
c o n c l u d e d  i n  i t s  f i r s t  r e p o r t  t h a t  i n  c o n d i t i o n s  o f  good  
h u s b a n d r y ,  r u n - o f f  i s  s t i l l  n o t  a m a j o r  p r o b l e m .  H o w ev e r ,  
t h e r e  i s  a n  a l a r m i n g  c o n s e q u e n c e  o f  n i t r o g e n  r u n - o f f  w hen  t h e  
h i g h  a c c u m u l a t i o n  o f  n i t r a t e  i n  d r i n k i n g  w a t e r ,  a p p r o x i m a t e l y  
11 m g / l  [ n O ^ - î^  o r  m o re ,  b e c o m e s  t o x i c  n i t r i t e  when consum ed  b y  
hum ans ,
A r m i t a g e  ( I 9 7 4 ) g r o u p e d  b o t h  m a n u f a c t u r e d  c h e m i c a l s  a n d  
a n i m a l  m a n u re s  a s  f e r t i l i z e r s ,  s i n c e  t h e i r  s o l u b l e  p r o d u c t s  
a r e  t a k e n  up b y  t h e  p l a n t  i n  a  more o r  l e s s  i d e n t i c a l  m a n n e r .  
P a u l i k  ( 1 9 7 1 ) s t a t e d  t h a t  t h e  f i n e s t  n a t u r a l  f e r t i l i z e r  i s  
f ro m  t h e  c o l o n i e s  o f  g u a n o  b i r d s ,  n o t a b l y  c o r m o r a n t ,  g a n n e t  
a n d  p e l i c a n ,  n o r m a l l y  f o u n d  on  t h e  i s l a n d s  o f  P e r u ' s  c o a s t a l  
d e s e r t  s t r i p s .  H ow ever  P e l i k a n ,  H adec  a n d  S t a s t r a y  ( 1 9 7 8 )  
p o i n t e d  o u t  t h a t  w a t e r f o w l  e x c r e m e n t s  c a n  e u t r o p h i c a t e  a  l a k e  
and  L e e n t v a a r  ( 1 9 6 6 ) f u r t h e r  a d d e d  t h a t  a  n u m b e r  o f  l a k e s  i n  
b i r d  r e s e r v e s  an d  s a n c t u a r i e s  a r e  r a p i d l y  b e c o m i n g  o v e r -  
e u t r o p h i c a t e d .  I n  t h i s  p a r t i c u l a r  c a s e ,  t h e  r a t e  o f  n a t u r a l  
e u t r o p h i c a t i o n  i s  s p e e d e d  u p  b y  b i r d  d r o p p i n g s  an d  i s  
c o m p a r a b l e  t o  c u l t u r a l  e u t r o p h i c a t i o n .
P h o s p h a t e  a n d  n i t r a t e  a r e  t h e  m o s t  i m p o r t a n t  n u t r i e n t s
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i n  e u t r o p h i c a t i o n .  A c c o r d i n g  t o  H u t c h i n s o n  (1 9 7 5 )  and  
Gymer ( 1 9 7 3 ) ,  p h o s p h a t e  i o n  PO^ and n i t r a t e  i o n  NQ^ 
a r e  t h e  f o r m s  i n  w h i c h  t h e s e  e l e m e n t s  a r e  m os t  g e n e r a l l y  
a s s i m i l a t e d  b y  l i v i n g  o r g a n i s m s  s u c h  a s  p h y t o p l a n k t o n ,  p a r ­
t i c u l a r l y  i n  f r e s h  w a t e r  l a k e s .  I n  t h i s  t h e s i s ,  t h e r e f o r e ,  
t h e s e  e l e m e n t s  a r e  e s t i m a t e d  a s  s o l u b l e  p h o s p h a t e  p h o s p h o r u s  
(PO^“P) a n d  n i t r a t e - n i t r o g e n  (N O ^-N) . G o l t e r m a n  (1 9 7 7 )  
s t a t e d  t h a t  n u t r i e n t  p o o r  l a k e s  g e n e r a l l y  h av e  l e s s  p h o s p h a t e  
t h a n  n i t r a t e  a n d  t h a t  p h o s p h a t e  c o n c e n t r a t i o n  i n  a  n u t r i e n t  
r i c h  l a k e  i s  g e n e r a l l y  h i g h .
A s t u d y  o f  m a c r o p h y t e s  o f  S c o t t i s h  l o c h s  b y  S p e n c e  ( 1 9 6 4 )  
i n c l u d e d  L o c h  L i n d o r e s  and  L o c h  K i l c o n q u h a r ,  He i n d i c a t e d  
t h a t  t h e s e  two l o c h s  w e re  t y p i c a l  l o w l a n d  l o c h s  w h i c h  showed 
s i g n s  o f  e u t r o p h i c a t i o n .
T h i s  t h e s i s  i s  p a r t i c u l a r l y  c o n c e r n e d  w i t h  t h e  c u l t u r a l  
and  n a t u r a l  e u t r o p h i c a t i o n  o f  two S c o t t i s h  l o c h s .  L o c h  L i n d o r e s  
and  L o c h  K i l c o n g u h a r .  I n  t h e  c a s e  o f  L o c h  L i n d o r e s ,  t h e  
l i k e l y  s o u r c e s  o f  n u t r i e n t s  w e re  h e l d  t o  r e s u l t  f r o m  c u l t u r a l  
e u t r o p h i c a t i o n ,  a r t i f i c i a l  and  n a t u r a l  f e r t i l i z e r s  l e a c h e d  
f r o m  f a r m l a n d .  On t h e  o t h e r  h a n d .  L o c h  K i l c o n g u h a r  may b e  
a f f e c t e d  n o t  o n l y  b y  a g r i c u l t u r a l  s o u r c e s ,  b u t  a l s o  b y  
b i o l o g i c a l  s o u r c e s ,  s u c h  a s  b i r d  d r o p p i n g s .  T h a t  i s ,  b o t h  
c u l t u r a l  and  v e r y  r a p i d  n a t u r a l  e u t r o p h i c a t i o n  may b e  
o c c u r r i n g  i n  L o c h  K i l c o n g u h a r .
The f i r s t  c h a p t e r  c o n s i s t s  m a i n l y  o f  a  c o m p a r a t i v e  s t u d y  
b e t w e e n  t h e s e  two e u t r o p h i c  l o c h s .  I n  t h e  e v e n t .  L o c h  K i l -  
c o n q u h a r  was  f o u n d  t o  b e  more e u t r o p h i c a t e d  t h a n  L o c h  L i n d o r e s ,  
so  t h e  s e c o n d  c h a p t e r  i s  d e v o t e d  t o  t h i s  l o c h ,  p a r t i c u l a r l y  
t o  t h e  s o u r c e s  o f  i t s  n u t r i e n t s .
5 .
C h a p t e r  3 c o n s t i t u t e s  t h e  f u n d a m e n t a l  p r o c e s s e s  t h a t  
r e g u l a t e  n u t r i e n t  s u p p l y  a n d  p a r t i c u l a r l y  n u t r i e n t  r e l e a s e  
f rom  L och  K i l c o n g u h a r  s e d i m e n t s .  R e s u l t s  o f  l a b o r a t o r y  s t u d i e s  
o f  r e d o x  p o t e n t i a l  i n  r e l a t i o n  t o  p h o s p h a t e  r e l e a s e  f r o m  t h e s e  
s e d i m e n t s  a r e  a l s o  d i s c u s s e d  and  t h e  c h a p t e r  c o n c l u d e s  w i t h  a  
g e n e r a l  d i s c u s s i o n .
CHAPTER I
A COMPARATIVE STUDY BETWEEN LOCH LINDORES
AND LOCH KILCONQUHAR
6 .
I  . 1 )  AIMS AND METHODS
To i n i t i a t e  t h i s  c o m p a r a t i v e  s t u d y ,  a  n um ber  o f  b i o l o g i c a l  
an d  e n v i r o n m e n t a l  f e a t u r e s  w e ie  m e a s u r e d  o v e r  a  two y e a r  
p e r i o d .  T h e s e  i n c l u d e d  s e a s o n a l  c h a n g e s  i n  w a t e r  c h e m i s t r y ,  
p a r t i c u l a r l y  t h e  s o l u b l e  p h o s p h a t e  and  s o l u b l e  n i t r a t e  c o n ­
c e n t r a t i o n s  i n  w h i c h  s u c h  f a c t o r s  a r e  l i k e l y  t o  g o v e r n  t h e  
p h y t o p l a n k t o n  c r o p  d e n s i t i e s .
A p a r t  f r o m  t h i s ,  t h e  d i s s o l v e d  o x y g e n  (DO) c o n c e n t r a t i o n ,  
pH, c o n d u c t i v i t y ,  a l k a l i n i t y ,  l i g h t  i n t e n s i t y ,  s e d i m e n t  
c h e m i s t r y ,  s e d i m e n t a r y  c h l o r o p h y l l  and  s u b m e r g e d  m a c r o p h y t e s  
w e re  a l s o  s t u d i e d .
B o th  tbie s e l e c t e d  l o c h s  a r e  t y p i c a l l y  l o w l a n d  l o c h s  w h i c h  
a r e  s i t u a t e d  i n  a g r i c u l t u r a l  b e l t s ,  i n  F i f e  R e g i o n ,  S o u t h  
E a s t  S c o t l a n d .  S i n c e  L o c h  L i n d o r e s  i s  a l m o s t  s u r r o u n d e d  b y  
a r a b l e  l a n d ,  t h e  i n f l u e n c e  o f  t h e s e  a g r i c u l t u r a l  a r e a s  i s  
p r o b a b l y  v e r y  s i g n i f i c a n t  and  t h i s  i s  c a l l e d  a n  a g r i c u l t u r a l l y  
e n r i c h e d  l o c h .  On t h e  o t h e r  h a n d ,  u n l i k e  L o c h  L i n d o r e s ,
L och  K i l c o n g u h a r  i s  a  b i r d  s a n c t u a r y .  Though  i t  l i e s  i n  a n  
a g r i c u l t u r a l  c a t c h m e n t ,  i t  was  p o s t u l a t e d  t h a t  t h e  e f f e c t  o f  
t h e  d e n s e  b i r d  p o p u l a t i o n  w o u ld  p r e d o m i n a t e ,  e s p e c i a l l y  d u r i n g  
w i n t e r  when t h e r e  i s  a  l a r g e  p o p u l a t i o n  o f  m i g r a t o r y  w i n t e r i n g  
d u c k s .  I n  t h i s  c o n t e x t ,  t h e r e f o r e ,  t h i s  l o c h  i s  r e f e r r e d  t o  
a s  a  b i r d - e n r i c h e d  l o c h ,
1 . 1 )  Loch  L i n d o r e s
Loch  L i n d o r e s  l i e s  2 m i l e s  s o u t h  o f  t h e  F i r t h  o f  Tay  
a t  Newburgh and a b o u t  20 m i l e s  f r o m  S t .  A n d r e w s .  The  l o c h
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i s  a p p r o x i m a t e l y  a  m i l e  i n  l e n g t h  f r o m  s o u t h - e a s t  t o  n o r t h ­
w e s t  and  a b o u t  h a l f  a  m i l e  i n  b r e a d t h  ( F i g u r e  1 : 1 )  and  
( T a b l e  1 : l ) .
I t  i s  s i t u a t e d  a t  a  l a t i t u d e  o f  5 6 °  2 0 '  N and  l o n g i t u d e  
o f  3°  5 0 '  W. W i t h  a  s u r f a c e  a r e a  o f  110 a c r e s  an d  a  maximum 
d e p t h  o f  a p p r o x i m a t e l y  t h r e e  m e t e r s ,  i t  i s  r e l a t i v e l y  s h a l l o w .
A p a r t  f r o m  a r a b l e  f a r m  l a n d ,  l i v e s t o c k  a r e  a l s o  r e a r e d  
i n  t h e  a d j o i n i n g  c a t c h m e n t  a r e a .
A wooden j e t t y  w h i c h  h a r b o u r s  s e v e r a l  f i s h i n g  b o a t s ,  
j u t s  o u t  f r o m  t h e  s o u t h  s h o r e  o f  t h e  l o c h .  T h i s  l o c h  i s  a l s o  
c o m m e r c i a l i z e d  f o r  f i s h i n g .  A c c o r d i n g l y  r a i n b o w  t r o u t  
( Salmo g a i r d n e r i ) a r e  b e i n g  b r e d  f o r  t h i s  p u r p o s e .
1 . 2 ) L o ch  K i l c o n g u h a r
L o ch  K i l c o n g u h a r  i s  a b o u t  tw o  m i l e s  n o r t h  o f  E l i e ,  a  
s m a l l  town on  t h e  c o a s t  o f  F i f e . I t  i s  a  v e r y  s h a l l o w  
c i r c u l a r  l a k e  a b o u t  a  m i l e  i n  d i a m e t e r .  The v i l l a g e  o f  
K i l c o n g u h a r  i s  s i t u a t e d  on  t h e  n o r t h  s h o r e  o f  t h e  l o c h .  
U l t i m a t e l y  a p a r t  f r o m  t h i s  s h o r e  t h e  l o c h  i s  s u r r o u n d e d  b y  
m a r s h e s  an d  b e d s  o f  t h e  common r e e d  ( P h r a g m i t e s  communis  L . )
The l o c h  h a s  a  maximum d e p t h  o f  a p p r o x i m a t e l y  two m e t e r s  
and a  s u r f a c e  a r e a  o f  95  a c r e s ,  A b o a t  h o u s e  w h i c h  i s  • 
s i t u a t e d  on t h e  s o u t h  s h o r e  o f  t h e  l o c h  was u s e d  a s  a  s a m p l i n g  
s t a t i o n .  An a g r i c u l t u r a l  a r e a  i s  s i t u a t e d  on  t h e  e a s t  s i d e  
o f  t h e  l o c h  an d  t h e r e  i s  a  s m a l l  s t r e a m  f l o w i n g  t h r o u g h  t h i s  
a r e a  t o  t h e  e a s t  s h o r e  o f ■t h e  l o c h  ( F i g u r e  1 : 2 ) .  The  s t r e a m  
i s  t h e  o n l y  i n f l o w  t o  t h e  l o c h  a n d  i t  i s  o c c a s i o n a l l y  b l o c k e d  
a t  t h e  e n t r a n c e  b y  a  d e n s e  g r o w t h  o f  P h r a g m i t e s ,  p a r t i c u l a r l y  
i n  s u m m e r . , The o u t f l o w  i s  on t h e  s o u t h  s h o r e  an d  a  s p i l l
FIGURE 1 :1  (Map l )
( o p p o s i t e )
Map of* L o c h  L i n d o r e s ,  w i t h  s a m p l i n g  s i t e s  
S t a t i o n  A (STN A) an d  S t a t i o n  B (STN B)
( O r d n a n c e  S u r v e y  S h e e t  No, 21 NE 1974)
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T a b l e  1:1
Some l l m n o l o g i c a l  d a t a  f o r  L o c h  L i n d o r e s  and  
L o ch  K i l c o n q . u h a r  d e r i v e d  m a i n l y  f r o m  B a t h y m e t r i c a l  
S u r v e y  ( 1 9 1 O) an d  S p e n c e  ( 1 9 6 k ) .
L o c h
L i n d o r e s
L o c hK i l c o n q u h a r
O r i g i n K e t t l e - h o l e  i n  f l u v i o -  g l a c i a l  d e p o s i t s
K e t t l e - h o l e  i n  
3 0 . 5  m r a i s e d  "beach
E l e v a t i o n 222  f t .
( 6 7 , 6 7  m e t e r )
49  f t .( 1 4 . 9 4  m e t e r )
' S u r f a c e  a r e a 110 a c r e s( 1414.5 , 1 5 6  8ÇL. m e t e r )
95 a c r e s
( 3 8 4 , 4 5 3  s q .  m e t e r )
: Volume1!
2 4  X 10^ c u .  f t ,  
( 6 7 9 , 6 0 8  c u .  m e t e r )
16  X 1 0 ^ c u ,  f t .  
( 4 8 3 , 0 7 2  c u .  m e t e r )
I
i Maximum d e p t h 10 f t .
( 3 . 0 5  m)
6 f t .
( 1 . 8 3  m)
i Mean d e p t h 5 f t  ( 1 . 5 2  m)
4  f t .  
( 1 . 2 2  m)
FIGURE 1 : 2  (Map 2)
( o p p o s i t e )
Map o f  L o c h  K i l c o n q u h a r ,  w i t h  s a m p l i n g  s i t e s  
S t a t i o n  A (STN A) a n d  S t a t i o n  B (STN B ) .
(X) p o i n t s  a l o n g  t h e  s h o r e  w h e re  b i r d s  w e re  
o b s e r v e d .  S c a l e  1 : 1 0 . 5 6 0  o r  6 i n c h e s  t o  
1 m i l e .
( O r d n a n c e  S u r v e y  S h e e t  No.  4 4  EE)
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way w h ic h  i s  s i t u a t e d  a b o u t  30  m e t r e s  d o w n - s t r e a m  f ro m  t h e  
o u t f l o w  i s  u s e d  t o  c o n t r o l  t h e  w a t e r  l e v e l  o f  t h e  l o c h .
The m a r s h e s  and  P h r a g m i t e s  r e e d  b e d s  p r o v i d e  a n  e x c e l l e n t  
b r e e d i n g  g r o u n d  f o r  many s p e c i e s  o f  w a t e r f o w l .  U n l i k e  L o c h  
L i n d o r e s ,  i t  i s  n o t  u s e d  f o r  f i s h i n g ;  i n s t e a d  i t  i s  u s e d  
f o r  b i r d  s h o o t i n g ,  p a r t i c u l a r l y  i n  w i n t e r .  So f a r ,  t h e  
l a n d o w n e r  i s  s t i l l  t r y i n g  u n s u c c e s s f u l l y  t o  r e a r  f i s h  com­
m e r c i a l l y ,  p r e s u m a b l y  f a i l i n g  b e c a u s e  o f  t h e  h i g h l y  e u t r o ­
p h i c a t e d  s t a t e  o f  t h e  l o c h .
F i e l d  s a m p l i n g
The r o u t i n e  s h o r e  s a m p l i n g  f o r  b o t h  l o c h s  was done  a l m o s t  
e v e r y  f o r t n i g h t ,  f r o m  F e b r u a r y  1979 t o  M arch  1 9 6 1 ,  i n  L o c h  
L i n d o r e s  on  t h e  s o u t h  s h o r e  w h e re  t h e r e  i s  a  wooden  j e t t y  an d  
i n  Loch  K i l c o n g u h a r  on t h e  s o u t h - e a s t  s h o r e  n e a r  t h e  b o a t  
h o u s e .  T h e s e  p l a c e s  a r e  r e f e r r e d  t o  a s  S t a t i o n  A.
I n  o r d e r  t o  s t u d y  a n y  n u t r i e n t  and  p h y t o p l a n k t o n  
s t r a t i f i c a t i o n  o f  t h e  l o c h  w a t e r  co lu m n ,  t h e  d e e p e s t  p a r t  o f  
t h e  s t u d i e d  l o c h s  w e r e  c h o s e n  a n d  t h e s e  p l a c e s  a r e  r e f e r r e d  
t o  a s  S t a t i o n  B, S i n c e  t h e  l o c h s  a r e  r e l a t i v e l y  s h a l l o w ,  
w a t e r  s a m p l e s  w e re  c o l l e c t e d  f r o m  t h e  r e s p e c t i v e  l o c h s  a t  
0 . 5  m d e p t h  i n t e r v a l s .
S t a t i o n  B i n  L o c h  L i n d o r e s  i s  l o c a t e d  i n  t h e  s o u t h  
b a s i n  and  a b o u t  a  q u a r t e r  m i l e  f r o m  t h e  j e t t y .  F o r t u n a t e l y  
p e r m i s s i o n  was g r a n t e d  b y  t h e  loch* s o w n e r  t o  u s e  a  f i s h i n g  
b o a t  f o r  s a m p l i n g  p u r p o s e s .
S t a t i o n  B i n  L o c h  K i l c o n g u h a r  i s  a l s o  a p p r o x i m a t e l y  a t  
t h e  c e n t r e  o f  t h e  l o c h .  A d e p a r t m e n t a l  r u b b e r  d i n g h y  was 
u s e d  t o  t a k e  t h e  w a t e r  s a m p l e  f r o m  t h i s  p l a c e .  I t  was
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n o r m a l l y  l a u n c h e d  f rom  t h e  s o u t h - e a s t  s h o r e  n e a r  t h e  b o a t  h o u se  
and  t h e  d i s t a n c e  was a b o u t  a  h a l f  m i l e .
W a t e r  s a m p l e s  f r o m  S t a t i o n  A w ere  e a s i l y  c o l l e c t e d  b y  
d i p p i n g  p o l y t h e n e  b o t t l e s .  W a t e r  s a m p l i n g  f r o m  S t a t i o n  B 
w a s . ,  h o w e v e r ,  more d i f f i c u l t .  I n  t h i s  c a s e ,  a  t h r e e  m e t e r  
p o l y t h e n e  h o s e  w i t h  a  d i a m e t e r  o f  t h r e e  i n c h e s  was  u s e d  
( F i g u r e  1 : 3 ) .  A 10 k i l o g r a m  w e i g h t  was f a s t e n e d  a t  one  en d  
o f  t h e  t u b e  t o  e n s u r e  t h a t  i t  w o u ld  s t r e t c h  t o  t h e  r e q u i r e d  
d e p t h s ,  p r e c i s e l y  a t  an  i n t e r v a l  o f  0 , 5  m i n  t h e  w a t e r .  A 
r o p e  was a l s o  t i e d  a t  t h e  same p l a c e  so  t h a t  t h i s  en d  c o u l d  
b e  c o n v e n i e n t l y  p u l l e d  o u t  o f  t h e  w a t e r .  A t  t h e  o t h e r  e n d ,  
a  r u b b e r  s t o p p e r  was  u s e d  t o  p l u g  t h e  h o s e ,  so  t h a t  t h e  w a t e r  
s a m p l e s  w o u ld  s t a y  i n s i d e .  A f t e r  s a m p l i n g ,  t h e  s t o p p e r  was 
rem oved  and t h e  w a t e r  was p o u r e d  i n t o  t h e  p r e p a r e d  l a b e l l e d -  
b o t t l e s  w h i c h  w o u ld  b e  f u r t h e r  a n a l y s e d  i n  t h e  l a b o r a t o r y .
L o c h  s e d i m e n t
2A s p e c i a l  s e d i m e n t  g r a b  o f  a r e a  1 5 . 5  x  1 5 . 5  cm was  u s e d  
t o  t a k e  s a m p l e s  f r o m  t h e  t o p  p a r t  o f  t h e  l o c h  s e d i m e n t s  a t  
S t a t i o n  B o f  t h e  r e s p e c t i v e  l o c h s .  The s e d i m e n t  s a m p l e s  w e re  
l a t e r  a n a l y s e d  f o r  t o t a l  p h o s p h a t e ,  k j e l d a h l  n i t r o g e n  and  
s e d i m e n t a r y  c h l o r o p h y l l  i n  t h e  l a b o r a t o r y .
D i s s o l v e d  o x y g e n  (DO) c o n c e n t r a t i o n
B a c h  w a t e r  s a m p l e  was c a r e f u l l y  c o l l e c t e d  i n  a  250 ml 
s t o p p e r e d  b o t t l e ,  c a r e  b e i n g  t a k e n  n o t  t o  t r a p  a n y  a i r  b u b b l e s .
The o x y g e n - b o t t l e  s t o p p e r  was rem oved  w i t h i n  a  few 
m i n u t e s  o f  f i l l i n g  an d  a)  1 . 2 5  ml m anganous  s u l p h a t e  an d
b )  1 . 2 5  ml W in k le r *  s r e a g e n t  w e r e  a d d ed  t o  i t .  The s t o p p e r
( o p p o s i t e )
S a m p le s  f r o m  S t a t i o n  B w e r e  t a k e n  By
u s i n g  3 m p o l y t h e n e  t u h e
Fig. 1:3
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was f i r m l y  r e p l a c e d  an d  t h e  m i x t u r e  was t h o r o u g h l y  s h a k e n .
A p r e c i p i t a t e  o f  m anganous  h y d r o x i d e  was f o r m e d .  T h i s  i n i t i a l  
s t a g e  o f  t h e  a n a l y s i s  was  d o n e  i n  t h e  f i e l d .
I n  th e  l a b o r a t o r y  2 , 5  ml s u l p h u r i c  a c i d  w e re  i n t r o d u c e d  
t o  t h e  b o t t l e  a n d  t h e  m i x t u r e  was  w e l l  s h a k e n  t o  e n s u r e  t h e  
p r e c i p i t a t e  had f u l l y  d i s s o l v e d .  T h e n  t h e  m a n g a n i c  i o n s  
i n  a c i d  s o l u t i o n  o x i d i z e d  i o d i d e  t o  t r i - i o d i d e  (l^ -^)  and  
f r e e  i o d i n e ,  A r o u g h  e s t i m a t e  o f  t h e  am ount  o f  o x y g e n  p r e s e n t  
i n  t h e  s am p le  c a n  b e  made b y  n o t i n g  t h e  d e p t h  o f  c o l o u r  o f  t h e  
i o d i n e  a t  t h i s  s t a g e .
The s a m p l e  w as  t h e n  t r a n s f e r r e d  t o  a  100 ml c o n i c a l  f l a s k  
and  t i t r a t e d  w i t h  0 , 0 1 2 5  N t h i o s u l p h a t e  u n t i l  o n l y  a  f a i n t  
y e l l o w  c o l o u r  r e m a i n e d .  T h e n  f i v e  d r o p s  o f  s t a r c h  i n d i c a t o r  
w e re  a d d e d  t o  t a k e  t h e  t i t r a t i o n  t o  t h e  e n d - p o i n t .  T h i s
m ethod  i s  b a s e d  on M a c k e r e t h  e t  a l .  ( 1 9 7 8 ) .
The r e a g e n t  u s e d  was a  m o d i f i c a t i o n  o f  W i n k l e r ’ s  o r i g i n a l  
r e a g e n t s .
a )  Manganous s u l p h a t e  s o l u t i o n ,
240  g Mn SO^, 4 H2 O was d i s s o l v e d  i n  w a t e r  an d  t h e n  
d i l u t e d  t o  5 0 0  m l ,
b )  W i n k l e r ’ s  r e a g e n t ,
200 g  s o d iu m  h y d r o x i d e  w as  d i s s o l v e d  i n  280  ml d i s t i l l e d  
w a t e r .  T h e n  450  g  s o d i u m  i o d i d e  was added  a n d  d i l u t e d  
t o  5 0 0  m l .
c) 0 .1  N s o d iu m  t h i o s u l p h a t e ,
2 4 . 8 2  g  # 8 2 8 2 0 ^ . 5 5 2 0  w as  d i s s o l v e d  i n  d i s t i l l e d  w a t e r  
a n d  made up  t o  1 l i t r e .
d) S t a r c h  s o l u t i o n ,
A s l u r r y  o f  p o t a t o  s t a r c h  was  a d d ed  t o  100 ml b o i l i n g
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d i s t i l l e d  w a t e r  (1 g  s h a k e n  i n  a b o u t  10 ml o f  w a t e r  
i n  a  t e s t  t u b e ) .  I t  was  t h e n  f i l t e r e d  a n d  s t o r e d  i n  
a  r e f r i g e r a t o r ,
e )  S u l p h u r i c  a c i d ,
50% v / v  s o l u t i o n .
O c c a s i o n a l l y  a  p o r t a b l e  o x y g e n  m e t e r ,  Beckman F i e l d  L a b .  
a n a l y z e r  was  u s e d .  C a l i b r a t e d  a g a i n s t  a  W i n k l e r  a n a l y s i s ,
pH
pH o f  t h e  w a t e r  s a m p l e  w as  t a k e n  b y  d i p p i n g  a  com bined  
e l e c t r o d e  c o n n e c t e d  t o  a  pH m e t e r  Pye  m o d e l  2 9 0 ,  B e f o r e  
t h e  r e a d i n g  waé t a k e n ,  t h e  e l e c t r o d e  was  f i r s t  d i p p e d  i n t o  a  
s u i t a b l e  b u f f e r  s o l u t i o n .
C o n d u c t i v i t y
c o n d u c t i v i t y  *af w a t e r  s a m p l e s  was m e a s u r e d  w i t h  a  c o n ­
d u c t i v i t y  m e t e r  m ode l  MG m ark  V,
T e m p e r a t u r e
A i r  an d  w a t e r  t e m p e r a t u r e s  w e r e  t a k e n  w i t h  a n  o r d i n a r y  
t h e r m o m e t e r  (E-MIL PBRMA-LINB PAT. No.  1 1 2 0 7 7 3 ) .
A l k a l i n i t y
I n  m o s t  n a t u r a l  w a t e r ,  b i c a r b o n a t e s  a n d  s o m e t im e s  
c a r b o n a t e s  a r e  p r e s e n t .  T h e s e  s a l t s  a r e  h y d r o l y z e d  i n  
s o l u t i o n  b e c a u s e  o f  t h e  w e a k n e s s  o f  c a r b o n i c  a c i d  (H^ 0 0 ^ ) ,  
w i t h  t h e  p r o d u c t i o n  o f  h y d r o x y l  i o n s  an d  c o n s e q u e n t  r i s e  i n  pH: 
M"^  + HCOj" •+ HgO M+ + Hg CO^ + OH"
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The c o n c e n t r a t i o n  o f  b i c a r b o n a t e  i n  s o l u t i o n  c a n  t h e r e f o r e  
b e  d e t e r m i n e d  b y  t i t r a t i n g  t h e  s a m p l e  w i t h  s t a n d a r d  a c i d  u n t i l  
t h e  a b o v e  e q u i l i b r i u m  h a s  moved c o m p l e t e l y  t o  t h e  r i g h t ,  w i t h  
a l l  t h e  c a r b o n i c  a c i d  t h e n  p r e s e n t  a s  u n d i s s o c i a t e d  HgCO^ 
o r  d i s s o l v e d  a s  GOg. S i n c e  t h i s  o c c u r s  when t h e  pH h a s  b e e n  
r e d u c e d  to  a p p r o x i m a t e l y  4 . 5 ,  a n  i n d i c a t o r  i s  c h o s e n  t o  g i v e  a  
c o l o u r  c h an g e  a t  t h i s  pH.
The r e a g e n t s  u s e d  w e r e :
a) 0 .0 1  N h y d r o c h l o r i c  a c i d .
T h i s  was  made b y  d i l u t i o n  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d .
b )  I n d i c a t o r ,
BDH 4 . 5  i n d i c a t o r .
100 ml. o f  w a t e r  s a m p l e  was  p l a c e d  i n  a  2 5 0  ml c o n i c a l  
f l a s k  and  t h e n  was  a d d e d  w i t h  f i v e  d r o p s  o f  i n d i c a t o r .  I t  
was  t h e n  t i t r a t e d  w i t h  0 .0 1  N HGl u n t i l  t h e  c o l o u r  o f  t h e  
sam p le  a s su m e d  a  p a l e  p i n k  f l u s k .  T h i s  m e th o d  i s  b a s e d  on 
M a c k e r e t h  ( 1 9 7 8 ) .
L i g h t
L i g h t  r e a d i n g s  w e re  t a k e n  b y  u s i n g  a  Lamda m e t e r  L ^ - 1 8 5 ,
r e c o r d i n g  PAB ( p h o t o s y n t h e t i c a l l y  a v a i l a b l e  r a d i a t i o n )  o v e r
4 0 0 - 7 0 0  »nm. T he  s e n s o r  was  l o w e r e d  t o  v a r i o u s  d e p t h s ,  a t
0 . 2 5  m i n t e r v a l s  i n  L o c h  K i l c o n q u h a r  and O. 5 0  m i n t e r v a l s  i n
Loch  L i n d o r e s .  The l i g h t  e n t e r i n g  t h e  s u r f a c e  i s  e x p r e s s e d
i n  t h e  f o l l o w i n g  r e l a t i o n s h i p s  b a s e d  upon L am ber t*  s  l a w .
I  -  I  h-AE)
i n  w h ic h  1 ^ i s  t h e  o r i g i n a l  i n t e n s i t y  o f  t h e  e n t e r i n g  l i g h t ,
I ^  t h e  m e a s u r e m e n t  o f  i n t e n s i t y  i n c i d e n t  a t  d e p t h  d ,  a n d  e i s
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t h e  h a s e  o f  n a t u r a l  l o g a r i t h m s .  ^d(PAE) ^  c o n s t a n t ,  
d e s c r i b i n g  t h e  r a t e  a t  w h i c h  l i g h t  o f  d e f i n e d  w a v e l e n g t h s ,  
h e r e  PAR, b e c o m e s  a t t e n u a t e d  o r  e x t i n g u i s h e d ,  w i t h  i n c r e a s i n g  
w a t e r  d e p t h .  K^(PAR) i s  t h e  v e r t i c a l  d i f f u s e  a t t e n u a t i o n  
c o e f f i c i e n t  f o r  d o w n w i l l i n g  i r r a d i a n c e  ( 4 0 0 - 7 0 0  n m ) .
L a b o r a t o r y
a)  W a t e r  c h e m i s t r y
A l l  g l a s s w a r e  w as  c l e a n e d  b e f o r e  u s e  b y  s t a n d i n g  i n  h o t  
c h r o m i c - s u l p h u r i c  a c i d  m i x t u r e  f o r  s e v e r a l  m i n u t e s  f o l l o w e d  b y  
t h o r o u g h  w a s h i n g  w i t h  d i s t i l l e d  w a t e r  b e f o r e  e a c h  d e t e r m i n a t i o n ,  
A s p e c i a l  m i l l i p o r e  was  u s e d  t o  f i l t e r  100 ml o f  w a t e r  
s am ple  t h r o u g h  0 , 4 5  um membrane f i l t e r .  The f i l t r a t e  w o u ld  
s u b s e q u e n t l y  b e  u s e d  f o r  d i s s o l v e d  s i l i c a  ( S i O ^ - S i ) ,  s o l u b l e  
n i t r a t e - n i t r o g e n  (NO^-n ) an d  s o l u b l e  r e a c t i v e  p h o s p h a t e  
(SRP; o r t h o p h o s p h a t e  PO^-P) a n a l y s i s .  The  r e s i d u e  membrane 
f i l t e r  w o u ld  b e  u s e d  f o r  p h y t o p l a n k t o n i c  c h l o r o p h y l l  a n a l y s i s .
D i s s o l v e d  s i l i c a
D i s s o l v e d  s i l i c a  ( S o l u b l e  r e a c t i v e  s i l i c a t e ;  S i O g - S i )  
was a n a l y s e d  a f t e r  a c i d i f i c a t i o n  w i t h  o x a l i c  a c i d  an d  t h e n  
r e a c t i o n  w i t h  m o l y b d a t e  w h i c h  e v e n t u a l l y  r e d u c e d  s i l i c a  t o  
i n t e n s e l y  c o l o u r e d  s i l i c o m o ly b d e n u m  b l u e .  The r e s u l t i n g  
a b s o r b a n c e  was m e a s u r e d  s p e c t r o p h o t o m e t r i c a l l y  a t  810 nm, A 
c a l i b r a t i o n  g r a p h  w as  p r e p a r e d  i n  o r d e r  t o  d e t e r m i n e  t h e  S i O g -  
81  c o n c e n t r a t i o n  o f  th e  w a t e r .  The r e a g e n t s  u s e d  w ere  a s  
f o l l o w ;
a) A c i d  ammonium m o l y b d a t e :
2 g  ammonium m o l y b d a t e  was  d i s s o l v e d  i n  7 0  ml d i s t i l l e d
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w a t e r .  I t  w as  t h e n  a d d e d  t o  6 ml h y d r o c h l o r i c  a c i d  
and  d i l u t e d  t o  100 m l .  
h )  O x a l i c  a c i d ,  (GO OH^g.ZHgO:
10% w /v  s o l u t i o n .
c) M e t h o l - s u l p h i t e  s o l u t i o n :
6 g  s o d iu m  s u l p h i t e  (NagSO^.yHgO) was  d i s s o l v e d  i n  
w a t e r .  L a t e r  5g m e t o l  was  a d d e d .  S u b s e q u e n t l y  t h e
v o lu m e  i s  made up  t o  25 0  ml.
d) R e d u c i n g  a g e n t :
30  ml s u l p h u r i c  a c i d  was  a d d e d  t o  100 ml o f  w a t e r .
To t h i s  m i x t u r e  w e re  f u r t h e r  ad d ed  100 ml m e t o l - s u l p h i t e  
s o l u t i o n  ( c )  and  60 ml o x a l i c  a c i d  s o l u t i o n  ( b ) , t h e
w h o le  b e i n g  f i n a l l y  d i l u t e d  t o  300  m l .
e )  S i l i c o n  s t a n d a r d :
0 . 6 7 1 4  g  d r y  s o d iu m  f l u o r o s i l i c a t e  (Nag S i P ^ )  was 
d i s s o l v e d  i n  1 1 d i s t i l l e d  w a t e r .
T h i s  m e th o d  i s  m o d i f i e d  b y  M a c k e r e t h ’ s  (1 9 7 8 )  m o d i f i c a t i o n  
o f  M u l l i n  a n d  R i l e y  ( 1 9 3 5 ) .
N i t r a t e - n i t r o g e n
S i n c e  t h e  f i l t e r e d  w a t e r  s a m p l e  was  c o n s i d e r e d  c l e a r ,  
s o l u b l e  n i t r a t e - n i t r o g e n  (NO^-N) w as  d i r e c t l y  d e t e r m i n e d  a t  
t h e  a b s o r b a n c e  o f  220 nm UV ( U l t r a  v i o l e t )  l i g h t  b y  a  B eckm an  
DB-OD S p e c t r o p h o t o m e t e r .  A c a l i b r a t i o n  g r a p h  was p r e p a r e d  t o
d e t e r m i n e  t h e  c o n c e n t r a t i o n  o f  t h e  w a t e r  s a m p l e .  T h i s  m e th o d
was b a s e d  on  t h a t  o f  t h e  A m e r i c a n  P u b l i c  H e a l t h  A s s o c i a t i o n
( 1971 ) .
T h i s  p a r t i c u l a r  m e th o d  i s  r e l a t i v e l y  s i m p l e  b e c a u s e  i t  c a n  
b e  a p p l i e d  d i r e c t l y  t o  t h e  a n a l y s i s  o f  w a t e r  w i t h o u t  r e c o u r s e
1 9 .
t o  e v a p o r a t i o n  o r  p r e c i p i t a t i o n .  No sam p le  p r e p a r a t i o n  i s  
r e q u i r e d ,  u n l e s s  s u s p e n d e d  m a t e r i a l  i s  p r e s e n t ,  i n  w h ic h  c a s e  
t h e  i m p u r i t i e s  c a n  b e  rem oved  b y  c e n t r i f u g a t i o n ,  f i l t r a t i o n  
a n d  d i l u t i o n .
S o l u b l e  r e a c t i v e  p h o s p h a t e
S o l u b l e  r e a c t i v e  p h o s p h a t e  ( o r t h o p h o s p h a t e ; .  PO^-P) i n  
t h i s  c o n t e x t  i s  r e f e r r e d  a s  s o l u b l e  p h o s p h a t e .  The m e thod  
u s e d  i s  p r i n c i p a l l y  b a s e d  o n  t h e  r e a c t i o n  o f  o r t h o p h o s p h a t e  i n  
a c i d  s o l u t i o n  w i t h  ammonium m o l y b d a t e  t o  f o r m  p h o s p h o m o l y b d i c  
a c i d  an d  s u b s e q u e n t l y  r e d u c e d  b y  s t a n n o u s  c h l o r i d e  t o  t h e  
molybdenum b l u e  c o m p le x .
The r e a g e n t s  u s e d  w e r e :
a )  W  HgSO, :
112 ml c o n c e n t r a t e d  s u l p h u r i c  a c i d  was  d i l u t e d  t o  1 1 .
b )  0.96% m o l y b d a t e :
9 . 6  g  (NH^)^ MOy Og^.iiHgO was  d i s s o l v e d  i n  1 1 d i s t i l l e d  
w a t e r .
c) 10% a s c o r b i c  a c i d :
10 g  a s c o r b i c  a c i d  w e re  d i s s o l v e d  i n  80 ml d i s t i l l e d  
w a t e r .
d) A n t im o n y  t a r t r a t e :
0 . 6 6 7  g  p o t a s s i u m  a n t i m o n y  t a r t r a t e  (KSbO,C|^H^Og) was  
d i s s o l v e d  i n  250  ml d i s t i l l e d  w a t e r .
e )  M ixed  r e a g e n t :
E q u a l  v o lu m e s  o f  a s c o r b i c  a c i d  s o l u t i o n  a n d  a n t i m o n y  
t a r t r a t e  s o l u t i o n  w e r e  m ix e d .  O n ly  e n o u g h  s o l u t i o n  was 
p r e p a r e d  f o r  i m m e d i a t e  u s e .
10 ml w a t e r  s am p le  w as  p l a c e d  i n  25  ml v o l u m e t r i c  f l a s k .
2 0 .
2 . 5  ml e a c h  o f  s u l p h u r i c  a c i d  a n d  m o l y b d a t e  s o l u t i o n  w e re  
a d d e d .  The m i x t u r e  was d i l u t e d  t o  20 ml w i t h  d i s t i l l e d  w a t e r .  
F i n a l l y  2 ml mixed  r e a g e n t  was  a d d e d  a id  t h e  m i x t u r e  was  d i l u t e d  
t o  25  m l .  S a m p le s  w e r e  t h e n  m e a s u r e d  a t  a n  a b s o r b a n c e  o f  
890  nm i n  a  Beckman DB-OD s p e c t r o p h o t o m e t e r .  A c a l i b r a t i o n  
g r a p h  was p r e p a r e d  f o r  d e t e r m i n i n g  t h e  unknown c o n c e n t r a t i o n  
o f  t h e  w a t e r  s a m p l e .  T h i s  m e thod  was b a s e d  on  Harwood e t  a l .
( 1 9 6 9 ) .
K . i e l d a h l  N i t r o g e n  a n d  T o t a l  P h o s p h a t e
As s t a t e d  b e f o r e ,  f o r  k j e l d a h l  n i t r o g e n  a n d  t o t a l
p h o s p h a t e ,  t h e  u n f i l t e r e d  w a t e r  s a m p l e  was u s e d .  I n i t i a l l y
t h e  s am p le  w as  d i g e s t e d  w i t h  s u l p h u r i c  a c i d  (HgSO^ ( 1 + 1 ) ) w i t h
t h e  h e l p  o f  c a t a l y s t ,  i n  a  k j e l d a h l  f l a s k  an d  t h e n  n e u t r a l i z e d
w i t h  s o d iu m  h y d r o x i d e .
The t o t a l  n i t r o g e n  i n  t h e  l o c h  w a t e r  i s  r e f e r r e d  t o  a s
k j e l d a h l  n i t r o g e n  i n  t h i s  t e x t ,  p a r t l y  b e c a u s e  t h e  most c r i t i c a l
s t e p  i n  t h e  k j e l d a h l  p r o c e d u r e  i s  t h e  s u l p h u r i c  a c i d  o x i -a n d  W est
d a t i o n  o f  o r g a n i c  com pounds .  A c c o r d i n g  t o  S k o o g / ( 1 9 ? 0 ) ,
d u r i n g  t h e  o p e r a t i o n  t h e  f a t e  o f  n i t r o g e n  i s  h i g h l y  d e p e n d e n t
upon  t h e  f o r m  i n  w h i c h  i t  o c c u r s  i n  t h e  o r i g i n a l  compounds  a n d
i t  i s  p r e f e r a b l y  a n a l y s e d  a c c o r d i n g  t o  t h e  o x i d i z e d  s t a t e
o f  t h e  s am p le  a s  n i t r a t e - n i t r o g e n .
The p o l y p h o s p h a t e  ( m a i n l y  t o t a l  p h o s p h a t e )  was  h y d r o l y s e d
t o  o r t h o p h o s p h a t e  b e f o r e  i t  was  d e t e r m i n e d .
S u b s e q u e n t l y  t h e  s a m p l e  was a n a l y s e d  f o r  k j e l d a h l
n i t r o g e n  u s i n g  t h e  same m e th o d  a s  d e s c r i b e d  f o r  NO^-N a n d
f o r  t h e  t o t a l  p h o s p h a t e ;  t h e  same m e thod  a s  d e s c r i b e d  b y  
e t  a l .
H a r w o o d / ( l 9 6 9 ) was  u s e d .
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S e d i m e n t a r y  c h e m i s t r y
1 gm f r e s h  w e i g h t  o f  l o c h  s e d i m e n t  was  d r i e d  i n  t h e  o v en
f o r  2 4  h t o  o b t a i n  a  c o n s t a n t  d r y  w e i g h t .
A n o t h e r  1 g  f r e s h  l o c h  s e d i m e n t  was  t r a n s f e r r e d  t o  a
30  ml k j e l d a h l  f l a s k  an d  s u b s e q u e n t l y  h e a t e d  on a  m a n t l e  w i t h
5 ml n i t r o g e n - f r e e  s u l p h u r i c  a c i d  a n d  a  k j e l d a h l  t a b l e t  ( a s
a  c a t a l y s t ) .  To f u l l y  o x i d i z e  t h e  s a m p l e ,  0 . 5  ml o f  50%
h y d r o g e n  p e r o x i d e  was c a r e f u l l y  a d d e d  t o  t h e  f l a s k .  The
h e a t i n g  was done  i n  t h e  fume c u p b o a r d .  T h i s  m e th o d  i s
and  Boag and  Wood
m a i n l y  b a s e d  on S l a t e r / (1 978) an d  G u p p y / ( 1 978) .
The d i g e s t e d  s e m im e n t  was  c e n t r i f u g e d  and  t h e  s o l u t i o n
was t h e n  n e u t r a l i z e d  w i t h  s o d i u m  h y d r o x i d e  an d  d i l u t e d  t o
50  ml.  T h i s  s o l u t i o n  was u s e d  f o r  t o t a l  p h o s p h a t e  and
k j e l d a h l  n i t r o g e n  d e t e r m i n a t i o n s .
T o t a l  p h o s p h a t e  was d e t e r m i n e d  on 2 ml s o l u t i o n ,  a f t e r
d i l u t i o n  1 : 2 5 .  The a n a l y s i s  f o l l o w e d  Harwood (1 9 6 9 )  a s
p r e v i o u s l y  d e s c r i b e d  f o r  s o l u b l e  p h o s p h a t e .
Two ml o f  t h e  s o l u t i o n  w e re  d i l u t e d  t o  50  m l ,  a n d  t h i s
s o l u t i o n  was u s e d  f o r  d e t e r m i n a t i o n  o f  k j e l d a h l  n i t r o g e n ,
f o l l o w i n g  t h e  same m e thod  f o r  NO^-N ( A m e r i c a n  P u b l i c  H e a l t h
A s s o c i a t i o n ,  1971)  a s  a l r e a d y  d e s c r i b e d .
P r o d u c t i v i t y  
P h y t o p l a n k t  on
The f i l t e r  p a p e r  w h i c h  was c o v e r e d  w i t h  p l a n k t o n i c  c h l o r o ­
p h y l l  was  i n i t i a l l y  d r i e d ’ i n  t h e  f r e e z e r  o v e r n i g h t  a n d  l a t e r  
e x t r a c t e d  i n  5 ml 90% a c e t o n e  a n d  s t o r e d  i n  t h e  d a r k  f o r  a  
f u r t h e r  2 4  h .  R e a d i n g s  w e re  t a k e n  a t  w a v e l e n g t h s  o f  664  nm 
f o r  c h l o r o p h y l l  ^  647  nm f o r  c h l o r o p h y l l  ^  a n d  630 nm f o r
2 2 .
c h l o r o p h y l l  c .  C a l c u l a t i o n s  f o r  t h e  r e s p e c t i v e  c h l o r o p h y l l s
w e re  b a s e d  on J e f f r e y  and  Humphrey ( 1 9 7 5 ) .
C h l o r o p h y l l  a_ = 1 1 . 8 5  ^ 5624.” "*-543
C h l o r o p h y l l  lb = 2 1 . 0 3  ®6[^y""5 .43E^g^-2 .66E^^Q.
C h l o r o p h y l l  p_ = 2 4 . 3 2  E ^ ^ ^ - 1 . 6 7 B ^ ^ ^ - 7 . 6 0 E ^ ^  .
T h e n ,  mg c h l o r o p h y l l  ( a ,  b ,  o r  c ) / m ^
= C h l o r o p h y l l  ( a ,  b ,  o r  c )  x  v  x  1 0 ^
V p
V = vo lum e  o f  s am p le  f i l t e r e d  i n  ml
V = volume of extract in ml.
p = i s  t h e  p a t h  l e n g t h  o f  c u v e t t e  i n  cm.
t u g o l ’ s  s o l u t i o n  was u s e d  t o  sediment t h e  2 5 0  ml l o c h  w a t e r
n e e d e d  f o r  p h y t o p l a n k t o n  s t u d i e s .  A W a ts o n  B a r n e t  B a c t i l
60  m i c r o s c o p e  was  u s e d  t o  i d e n t i f y  a n d  c o u n t  t h e  p h y t o p l a n k t o n .
and  P r i t s c h  a n d  S w a le
W e s t / ( 1 9 6 8 ) ,  B e l c h e r / ( 1 9 7 8 ) a n d  P r e s c o t t  ( 1 9 7 0 )  w e re  u s e d  a s
r e f e r e n c e s  t o  i d e n t i f y  t h e  a l g a e .
S ubm erged  m a c r o p h y t e s  ( L o c h  K i l c o n q u h a r )
G e n e r a l l y  t h e  su b m e r g e d  m a c r o p h y t e s  w e r e  h a r v e s t e d  f r o m  
r o o t i n g  d e p t h s  o f  0 , 2 5  m, 0 . 5 0  m and  0 . 7 5  m f r o m  t h e  s o u t h - e a s t  
s h o r e  n e a r  t h e  b o a t  h o u s e .  A p e r s p e x  c o r e r  w i t h  a n  a r e a  o f  
5 5 . 4  a q  cm was u s e d  t o  t a k e  t h e  p l a n t  s a m p l e s ,  i n  r e p l i c a t e s  
o f  f i v e .  P l a n t  s a m p l e s  w e r e  p l a c e d  i n  p l a s t i c  b a g s  f o r  f u r t h e r  
s t u d y  i n  t h e  l a b o r a t o r y .  A p p r o x i m a t e l y  h a l f  o f  t h e  f r e s h  
p l a n t s  i n  t h e  a r e a  o f  2 7 . 7  s q  cm was e x t r a c t e d  w i t h  90% a c e t o n e ,  
added  w i t h  m agnes ium  c a r b o n a t e .
The p l a n t  m a t e r i a l  w as  l a t e r  g r o u n d  an d  h o m o g e n i s e d  t o  
e n s u r e  c o m p l e t e  e x t r a c t i o n *  A b s o r b a n c e  was r e a d  w i t h  a  
s p e c t r o p h o t o m e t e r  a t  66 5  nm f o r  c h l o r o p h y l l  a  a n d  645 nm f o r
2 3 .
c h l o r o p h y l l  . The o t h e r  h a l f  was I n c u b a t e d  a t  iOO^C f o r  
2 4  h t o  o b t a i n  o v e n  d r y  p l a n t  w e i g h t .  C a l c u l a t i o n  was b a s e d  
on W e s t l a k e  0 974)
ug c h i  a  p e r  s am p le
= ( 1 1 . 6  D g g 5 -1 .3 D g ^ 5 ) V/X  
Ug c h i  b per sample
= ( 1 9 . 1  D g ^ ^ - 4 .7  D665)
V = V o l .  o f  a c e t o n e  e x t r a c t  i n  m l ,
1 = l e n g t h  o f  s p e c t r o p h o t o m e t e r  c e l l  i n  cm.
S e d i m e n t a r y  c h l o r o p h y l l
A t o p  l a y e r  o f  t h e  l o c h  s e d i m e n t  was a n a l y s e d  f o r  
s e d i m e n t a r y  c h l o r o p h y l l .  A b o u t  2 ;g f r e s h  s e d i m e n t  w ere  
h o m o g e n i s e d  on a  g l a s s  p l a t e  w i t h  a  s p a t u l a .  H a l f  t h e  s a m p l e  
was d r i e d  a t  iOO^C f o r  2 4  h i n  t h e  o v e n .  The o t h e r  h a l f  o f  
t h e  s a m p le  was e x t r a c t e d  i n  23  ml o f  s o l v e n t  (90% a c e t o n e  +
0 . 3  d i m e t y l  a n i l i n e )  a n d  a l l o w e d  t o  s t a n d  o v e r n i g h t  i n  t h e  
f r e e z e r .  I t  was  t h e n  f i l t e r e d  t h r o u g h  Whatman No. 80 f i l t e r  
p a p e r .  The r e s i d u e  was  r e p e a t e d l y  e x t r a c t e d  u n t i l  a l l  t h e  
c o l o u r  h a d  b e e n  r e m o v e d .  C o l o u r  d e n s i t y  w as  d e t e r m i n e d  i n  a  
s p e c t r o p h o t o m e t e r  a t  w a v e l e n g t h  o f  6 6 7  nm. C a l c u l a t i o n  was 
b a s e d  on  J . R .  V a l l e n t y n e  ( 1 9 5 5 ) .
S e d i m e n t a r y  c h l o r o p h y l l
= D e n s i t y  r e a d i n g  x  f i l t e r e d  vo lum e  
d r y  w e i g h t  o f  mud e x t r a c t e d
2 4 .
I .  2) RESULTS
2 . 1 ) N u t r i e n t s
The o v e r a l l  d i s s o l v e d  s i l i c a  ( S i O g - S i )  c o n c e n t r a t i o n  f o r  
L och  L i n d o r e s  w as  m o d e r a t e l y  h i g h  and  r e a c h e d  a  maximum v a l u e  
o f  4 . 0 0  m g / l  i n  D e c ,  1 9 7 9 .  H o w ev e r ,  t h e  S i O ^ - S i  c o n c e n ­
t r a t i o n  was e x t r e m e l y  low i n  e a r l y  S p r i n g  1 9 7 9 ,  d u r i n g  t h e  
d e n s e  g r o w t h  o f  A s t e r i o n e l l a  f o r m o s a  ( F i g u r e  1 : 4 a ) .
I n i t i a l l y ,  i n  t h e  y e a r  1 9 7 9 ,  t h e  S i O g - S i  c o n c e n t r a t i o n  
f o r  L o c h  K i l c o n q u h a r  was lo w .  N e v e r t h e l e s s ,  i t  g r a d u a l l y  
i n c r e a s e d  i n  Summer 1980  h u t  d r o p p e d  a g a i n  i n  W i n t e r  o f  t h e  
same y e a r .  T h i s  f a l l  was p r o b a b l y  l a r g e l y  d u e  t o  t h e  d i a t o m  
b lo o m  o f  S t e p h a n o d i s c u s  s b  w h en  t h e  c o n c e n t r a t i o n  d e c r e a s e d  
t o  a  minimum o f  0 . 0 1  m g / lo
As b o t h  l o c h s  a r e  r e l a t i v e l y  s h a l l o w ,  no s i g n i f i c a n t  
S iO gHSi s t r a t i f i c a t i o n  o c c u r r e d ,  e x c e p t  f o r  a  s l i g h t  i n c r e a s e  
i n  S i O g - S i  c o n c e n t r a t i o n  a t  1 . 5  m e t e r  i n  L o c h  K i l c o n q u h a r  i n  
S e p t e m b e r  1979  ( F i g u r e  1: 5 a ) • T h i s  was  p r o b a b l y  d u e  t o  s e d i m e n t  
r e l e a s e  w h i c h  w i l l  b e  d i s c u s s e d  f u r t h e r  i n  t h e  n e x t  c h a p t e r .
The s o l u b l e  N i t r a t e - N i t r o g e n  NO^-N w e r e  h i g h  i n  b o t h  
t h e  l o c h s  s t u d i e d  ( F i g u r e  1 : 4 b ) . I n  L i n d o r e s ,  NO^-N was  
e x t r e m e l y  h i g h  i n  l a t e ’. W i n t e r  w h e re  i t  r e a c h e d  a  maximum o f  
3 . 3  m g / l  i n  F e b r u a r y  1 9 8 0 .  The c o n c e n t r a t i o n s  w e re  a l s o  
c o n s i s t e n t l y  h i g h  i n  L o c h  K i l c o n q u h a r ,  r e a c h i n g  a  maximum 
v a l u e  o f  2 , 3  m g / l  d u r i n g  t h e  b l u e - g r e e n  b l o o m  o f  A n h a n iz o m e n o n  
f l o s - a q u a e  i n  A u g u s t  19 8 0 .
The t o t a l  k j e l d a h l  n i t r o g e n  c o n c e n t r a t i o n s  w e r e  h i g h  i n  
b o t h  l o c h s  r e a c h i n g  maxima 8 . 8  m g / l  i n  D e ce m b e r  1 9 8 0 ,  an d
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10 m g / l  i n  N ovem ber  1 9 8 0 ,  i n  L o c h  L i n d o r e s  a n d  L o c h  K i l c o n q u h a r  
r e s p e c t i v e l y  ( F i g u r e  1 : 6 a ) .
T h e r e  was  no s i g n i f i c a n t  NO^-N s t r a t i f i c a t i o n  i n  e i t h e r  
l o c h ,  e x c e p t i n g  a  s l i g h t  i n c r e a s e  a t  1 . 5  m. i n  L o c h  K i l c o n q u h a r  
i n  summer 1979  ( F i g u r e  1 :5 1 ) ) .  T h i s  may h e  d u e  t o  s e d i m e n t  
r e l e a s e .
The S o l u b l e  R e a c t i v e  P h o s p h a t e  (P O ^ -P ;  SRP) c o n c e n t r a t i o n s  
i n  L och  L i n d o r e s  w e re  g e n e r a l l y  lo w ,  p a r t i c u l a r l y  i n  e a r l y  
summer 1980 w h e r e  i t  was b e l o w  t h e  l i m i t  o f  d e t e c t i o n  b y  t h e  
s e n s i t i v e  m e th o d  u s e d .  On t h e  o t h e r  h a n d ,  t h e  PO^-P c o n ­
c e n t r a t i o n s  i n  L o c h  K i l c o n q u h a r  w e re  e x c e p t i o n a l l y  h i g h  r e a c h i n g  
maximum v a l u e s  o f  0 . 7 2  m g / l  i n  O c t o b e r  1979 and  0 . 7 8  m g / l  i n  
J u l y  1 9 8 0  ( F i g u r e  I r U c ) .
The t o t a l  p h o s p h a t e  c o n c e n t r a t i o n  i n  L o c h  K i l c o n q u h a r  
was a l s o  h i g h  c o m p ared  w i t h  L o c h  L i n d o r e s  ( F i g u r e  1 : 6 b ) .
T h e r e  was  no  POj^-P s t r a t i f i c a t i o n  i n  L o c h  L i n d o r e s .
I n  L o c h  K i l c o n q u h a r ,  h o w e v e r ,  PO^-P a t  a  d e p t h  o f  1 . 5  m 
was v e r y  low  t h a n  a t  o t h e r  r e c o r d e d  d e p t h s ,  p a r t i c u l a r l y  i n  
'■ Summer an d  Autumn 1979  ( F i g u r e  1 : 5 c ) .  A p a r t  f r o m  n u t r i e n t  
r e l e a s e ,  t h e r e  may b e  s e v e r a l  r e a s o n s  t o  a c c o u n t  f o r  t h e  low  
PO^-P a t  1 . 5  m, s u c h  a s  t h e  h i g h  c o n s u m p t i o n  o f  s o l u b l e  
p h o s p h a t e  b y  b e n t h i e  a l g a e  an d  a l s o ,  p r e s u m a b l y  b y  t h e  
s u b m er g ed  m a c r o p h y t e s .
2 . 2 ) S e d i m e n t  c h e m i s t r y
D e p o s i t e d  a l l o c h t h o p o u s  m a t e r i a l s  f ro m  w i l d f o w l  f a e c e s  
( L o c h  K i l c o n q u h a r )  a n d  a g r i c u l t u r a l  r u n  o f f  ( L o c h  L i n d o r e s  
an d  L o c h  K i l c o n q u h a r )  a n d  a l s o  a u t o c h t o n o u s  m a t e r i a l s  s u c h  a s  
d e n s e  d e c a y i n g  a l g a e  a n d  m a c r o p h y t e s ,  c o u l d  s t r o n g l y  a f f e c t
FIGURE 1 ; 5 
( o p p o s i t e )
The  n u t r i e n t  s t r a t i f i c a t i o n ,  a t  S t a t i o n
B o f  L o c h  L i n d o r e s  (  ) a n d  L o c h
K i l c o n q u h a r  (♦ -------^ )  » i n  t h e  y e a r  1 9 7 9 .
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FIGURE 1 ; 6 
( o p p o s i t e )
The K j e l d a h l  N i t r o g e n  a n d  T o t a l  P h o s p h a t e  
c o n c e n t r a t i o n s  a t  S t a t i o n  A f o r  L o ch
L i n d o r e s  (   ) a n d  L o c h  K i l c o n q u h a r
( —  ).
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T a b l e  1 ; 2
T o t a l  p h o s p h a t e  and  t o t a l  k j e l d a h l  n i t r o g e n  i n  mg/kg  
d r y  w e i g h t  o f  s e d i m e n t s  f r o m  Loch  L i n d o r e s  a n d  L o c h  
K i l c o n q u h a r .  R e s u l t s  a r e  mean o f  t h r e e  s a m p l e s  ±  95% CL 
( n  = 3 ) .
D a t e
11 May 1979 
4  J u n e  1979 
22 Aug.  1979
10 S e p t .  1979 
17 O c t .  1979
6 Nov. 1979
11 M arch  1 980 
29 May 1980
9 J u l y  1980 
22 Aug. 1980 
13 O c t .  1980 
3 D e c .  1980
L o c a l i t y
L i n d o r e s
K i l c o n q u h a r
L i n d o r e s
K i l c o n q u h a r
L i n d o r e s
K i l c o n q u h a r
L i n d o r e s
K i l c o n q u h a r
L i n d o r e s
K i l c o n q u h a r
L i n d o r e s
K i l c o n q u h a r
K i l c o n q u h a r
K i l c o n q u h a r
K i l c o n q u h a r
K i l c o n q u h a r
K i l c o n q u h a r
K i l c o n q u h a r
T o t a l  P h o s p h a t e  
m g/kg  d r y  wt,
1500 + 467  1580 + 600  
1820  + 690  
1780 ±  645
2440  ± 7 8 2  840 ±  28
883 ±  322 900  ±  70  
. 9 5 3  ±  93  1 6 5 0  ±  620 
1 7 9 0  ±  779 
1936  ±  136 
1831  ±  6 4 6  
7 6 0  ±  45  
650 ±  79  
1263 ±  39 
1090  + 329  
2 4 5 0  ±  151
T o t a l  
K j e l d a h l  N i t r o g e n  
mg/kg  d r y  w t .
3 2 5 0  ±  9 2 0  
2 6 0 0  ±  2 6 0
4 2 2 5  ±  9 4 4  
4 2 5 0  ±  668
4 2 2 6  ±  7 2 3  
3 0 0  ±  563
2300  ±  793  2800 ±  377
2 4 3 0  ±  1803  
3 5 2 0  ±  20 2 2
4 5 5 3  ±  1174566  + 15
3 2 0 0  ±  113 
2 9 0 0  ±  6 8 0  
3287  ±  3 6 0  
3480  ±  7 4 0
3 4 2 5  ±  368  
5483  ±  1335
FIGURE 1 : 7  
( o p p o s i t e )
The K j e l d a h l  N i t r o g e n  a n d  T o t a l  P h o s p h a t e  
f r o m  L o c h  L i n d o r e s  s e d i m e n t  ( }| ) and
L o ch  K i l c o n q u h a r  s e d i m e n t  ( | { ) a t  
S t a t i o n  B, i n  t h e  y e a r  1 9 7 9 .
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t h e  s e d i m e n t  i n  g e n e r a l  a n d  i t s  c h e m i s t r y  i n  p a r t i c u l a r .
I n  a d d i t i o n ,  s e d i m e n t  r e l e a s e  may p l a y  a  m a j o r  r o l e  i n  " b r i n g i n g  
n u t r i e n t s  f r o m  t h e  s e d i m e n t  t o  t h e  o v e r l y i n g  w a t e r .
T a b l e  1 : 2  shows t h e  v a r i a t i o n  i n  t o t a l  k j e l d a h l  n i t r o g e n  
and  t o t a l  p h o s p h a t e  i n  s e d i m e n t s  o f  b o t h  l o c h s .  I t  seemed 
t h e  v a l u e s  i n  L o c h  K i l c o n q u h a r  w e re  g e n e r a l l y  h i g h  i n  w i n t e r  
an d  r a t h e r  l o w e r  i n  summer.  F i g u r e  M7a;lD  a l s o  show t h e  
v a r i a t i o n s  i n  t o t a l  IgeldaML n i t r o g e n  a n d  t o t a l  p h o s p h a t e  i n  
b o t h  l o c h s  d u r i n g  t h e  y e a r  1 9 7 9 .
2 , 3 )  D i s s o l v e d  o x y g e n  (DO) c o n c e n t r a t i o n
N o r m a l l y  t h e  i n c r e a s e  i n  DO c o n c e n t r a t i o n s  i s  i n v e r s e l y  
r e l a t e d  t o  t h e  r i s e  i n  w a t e r  t e m p e r a t u r e s .  T h a t  i s  s a t u r a t i o n  
q u a n t i t y  o f  DO c o n c e n t r a t i o n  o f  l o c h  w a t e r  m a i n l y  d e p e n d s  on 
t h e  w a t e r  t e m p e r a t u r e  b u t  t h e  p r e s e n c e  o f  p h y t o p l a n k t o n  a n d  
w a t e r  p l a n t s  c o u l d  c o n t r i b u t e  t o  a n  i n c r e a s e  o f  DO i n  a  l o c h ,  
p a r t i c u l a r l y  d u r i n g  t h e  d a y .  F i g u r e  1 : 8  c l e a r l y  i n d i c a t e s  
t h a t  on t e n  s a m p l i n g  o c c a s i o n s  i n  L o c h  L i n d o r e s ,  t h e  DO v a l u e s  
were  a b o v e  t h e  s a t u r a t i o n  p o i n t  c o m p ared  w i t h  o n l y  s i x  o c c a s i o n s  
i n  Loch  K i l c o n q u h a r ,  M o s t  o f  t h e  t i m e  t h e  r e a d i n g s  i n  L o c h  
K i l c o n q u h a r  w e re  f a r  b e l o w  s a t u r a t i o n  p o i n t .  T h i s  i s  p o s s i b l y  
due  t o  t h e  s u b s t a n t i a l  a m o u n ts  o f  o x y g e n  consum ed  b y  b a c t e r i a l  
a c t i v i t y  i n  t h i s  l o c h ,  p a r t i c u l a r l y  a t  s u r f a c e ,  o f  s e d i m e n t  
d u r i n g  warm w e a t h e r  ( F i g u r e  1 : 9 ) .  C e r t a i n l y  a s  s t u d i e d  i n  
C h a p t e r  3 ,  a n a e r o b i c  c o n d i t i o n s  d e v e l o p e d  d u r i n g  t h i s  p e r i o d .
No o x y g e n  d e p l e t i o n  w as  o b s e r v e d  d u r i n g  summer i n  L o c h  
L i n d o r e s  a n d  i t ,  t h e r e f o r e ,  s ee m s  u n l i k e l y  t h a t  a e r o b i c  
c o n d i t i o n s  e v e r  d e v e l o p e d  t h e r e .
FIGURE 1 ; 8 
( o p p o s i t e )
S o l u b i l i t y  o f  d i s s o l v e d  o x y g e n  i n  r e l a t i o n  t o  
w a t e r  t e m p e r a t u r e  i n  L o c h  L i n d o r e s  ( O)  and  
L o c h  K i l c o n q u h a r  ( # ) ,  a t  S t a t i o n  A ,  f r o m  
M arch  1979 t o  M arch  1 9 8 1 .  The s t r a i g h t  l i n e  
s l o p e  r e p r e s e n t s  t h e  s a t u r a t i o n  q u a n t i t y  o f  
p u r e  w a t e r .
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( o p p o s i t e )
C h an g e s  i n  D i s s o l v e d  O xygen  (DO) c o n c e n t r a t i o n s  
a t  S t a t i o n  A i n  L o c h  K i l c o n q u h a r  o v e r  a  y e a r  
p e r i o d  1 9 8 0 - 1 9 6 1 .  S a m p l i n g s  ( s u r f a c e  w a t e r  
s a m p l e s )  w e r e  done  a t  12 n o o n .  N o te  t h e  DO 
c o n c e n t r a t i o n s  i n  summer w e r e  g e n e r a l l y  lo w .
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2 . 4 )  pH, c o n d u c t i v i t y  and  a l k a l i n i t y
Loch  L i n d o r e s  a n d  L o c h  K i l c o n q u h a r  c a n  h e  c o n s i d e r e d  a s  
a l k a l i n e  l o c h s  b e c a u s e  t h e  pH n e v e r  f a l l s  h e  low  7 ( F i g u r e  
1 : 1 0 a ) .  The pH v a r i a t i o n  i n  L o c h  L i n d o r e s  l a y  b e tw e e n ,  7 . 3 0  
and  9 . 2 0 ,  On t h e  o t h e r  h a n d ,  t h e  pH v a r i a t i o n  i n  L o c h  
K i l c o n q u h a r  was b e t w e e n  7 . 6 0  an d  1 0 . 4 0 ,  The g e n e r a l  t r e n d  
f o r  b o t h  l o c h s  w as  a  s t e a d y  pH i n c r e a s e  i n  summer,  p a r t i c u l a r l y  
d u r i n g  t h e  a l g a l  b l o o m s .
The c o n d u c t i v i t y  o f  L o c h  K i l c o n q u h a r  was h i g h e r  t h a n  t h a t  
o f  L o ch  L i n d o r e s  ( F i g u r e  1 : 1 0 b ) ,  O b v i o u s l y  L o c h  K i l c o n q u h a r  
h a s  h i g h e r  c o n c e n t r a t i o n  o f  d i s s o l v e d  i o n s  t h a n  L o c h  L i n d o r e s .
I n  L i n d o r e s ,  t h e  a l k a l i n i t y  v a l u e  d r o p p e d  t o  a  minimum 
o f  0 , 7 5  meg 1 i n  J a n u a r y  1 9 8 0 ;  h o w e v e r ,  i n  e a r l y  J u n e  1980  
i t  r o s e  t o  a  maximum v a l u e  o f  2 meg l “  ( F i g u r e  1 : 1 0 c ) ,  The 
a l k a l i n i t y  l e v e l  f o r  L o c h  L i n d o r e s  was a l w a y s  l o w e r  t h a n  t h a t  
o f  Loch  K i l c o n q u h a r .  The a l k a l i n i t y  v a l u e s  f o r  L o c h  K i l c o n ­
q u h a r  w e r e  g e n e r a l l y  h i g h ,  p a r t i c u l a r l y  i n  summer 1980 ,  r e a c h i n g  
a  maximum o f  3 . 9 0  meg 1 i n  May 1980 an d  t h i s  c o i n c i d e d  w i t h  
pH maxima,
2 . 5 )  L i g h t
' V a l u e s  f o r  t h e  d i f f u s e  a t t e n u a t i o n  c o e f f i c i e n t  
w e re  1 , 5 0  i n  L o c h  L i n d o r e s  r e c o r d e d  on  2 8 t h  S e p t e m b e r ,  1979 
an d  4 . 4 0  i n  L o c h  K i l c o n q u h a r  r e c o r d e d  on 2 9 t h  May, 1 9 8 0 ,  A t  
t h e  t i m e ,  i t  was  o b s e r v e d  t h a t  t h e  p h y t o p l a n k t o n  d e n s i t i e s  
w e re  a t  t h e i r  maximum v a l u e s  d u e  t o  t h e  b l u e - g r e e n  a l g a l  b l o o m s .
On t h e  o t h e r  h a n d  w h e r e  t h e  k p ^  w e r e  l o w ,  a t  0 , 6 0  f o r  
Loch  L i n d o r e s ,  a n d  0 . 8 0  f o r  L o c h  K i l c o n q u h a r ,  t h e  p h y t o p l a n k t o n  
d e n s i t i e s •w e r e  a t  t h e i r  minimum v a l u e s  f o r  e a c h  l o c h .
FIGURE 1 :1 0  
( o p p o s i t e )
The s e a s o n a l  c h a n g e s  i n  a) pH, h )  c o n d u c t i v i t y  
and  c )  a l k a l i n i t y  a t  S t a t i o n  A o f  L o c h  L i n d o r e s
( -----------  ) an d  L o c h  K i l c o n q u h a r  (---------  ) ,  f r o m
M arch  1979 t o  M arch  1981 .
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F i g u r e s  1 :11  a nd  1 :1 2  show p o s s i b l e  c o r r e l a t i o n s  b e t w e e n
-3t h e  k p ^  a n d  c h l o r o p h y l l  a  mg m f o r  b o t h  l o c h s .  The s l o p e  
i n  L o ch  K i l c o n q u h a r  i s  ( y  = 0 .0263%  + 0 . 3 2 5 )  a n d  s t e e p e r  t h a n  
t h e  s l o p e  i n  L o c h  L i n d o r e s  ( y  = 0 .00563% + O .U 6 8 ) .  T h i s  may 
b e  due t o  t h e  h i g h  d i s s o l v e d  s u b s t a n c e s  a n d  n o n - a l g a l  p a r ­
t i c u l a t e  i n  L o c h  K i l c o n q u h a r .
2 . 6 )  P r o d u c t i v i t y
a )  P h v t o n l a n k t o n
F i g u r e  1 : 1 3  shows  t h e  s e a s o n a l  v a r i a t i o n  i n  p h y t o -  
p l a n k t o n i c  c h l o r o p h y l l  a  c o n c e n t r a t i o n  f o r  L o c h  L i n d o r e s  a n d  
L o c h  K i l c o n q u h a r .  C h l o r o p h y l l  i n  L o c h  L i n d o r e s  was 
i n i t i a l l y  h i g h  i n  1 9 7 9 ,  p a r t i c u l a r l y  i n  S e p t e m b e r  d u r i n g  t h e
"ZA n a b a e n a  b l o o m  w h e r e  i t  r e a c h e d  a  maximum o f  160 mg/m .
However ,  i t  was e x t r e m e l y  lo w  f o r  t h e  s u b s e q u e n t  y e a r ,  e x c e p t  
i n  F e b r u a r y  d u r i n g  a  d e n s e  A s t e r i o n e l l a  f o r m o s a  g r o w t h  w hen  i t  
r e a c h e d  a r o u n d  50  mg/m^.
O v e r a l l  p h y t o p l a n k t o n  p r o d u c t i v i t y  i n  L o c h  K i l c o n q u h a r  
was g e n e r a l l y  h i g h  w i t h  c h l o r o p h y l l  a  n e v e r  d r o p p i n g  b&ow 
10 mg/m^, w i t h  a  p e a k  o f  3 5 7 * 2 0  mg/m^ d u r i n g  A n a b a e n a  b loom 
i n  May 1 9 8 0 .  The h i g h  p l a n k t o n  d e n s i t i e s  d u r i n g  w i n t e r  
1 9 7 9 -8 0  w e r e  a t t r i b u t e d  t o  D i a t o m  s p e c i e s  s u c h  a s  S t e p h a n o -  
d i s c u s  s p . I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e r e  was a  s e c o n d  
a p p e a r a n c e  o f  b l u e - g r e e n  a l g a l  b lo o m  ( A p h a n izo m e n o n  f l o s - a o u a e ) 
i n  l a t e  summer 1 9 8 0 .
T h e r e  was a  c o n s i d e r a b l e  v a r i a t i o n  b e t w e e n  y e a r s  i n  t h e  
s e a s o n a l  s u c c e s s i o n  o f  a l g a l  g e n e r a .  The o v e r a l l  s e q u e n c e  
d u r i n g  t h e  s t u d y  p e r i o d  f r o m  F e b r u a r y  1979 t o  M arch  1981 i n  
L o c h  L i n d o r e s  a n d  L o c h  K i l c o n q u h a r  a r e  shown i n  T a b l e  1 :3 *
FIGURE 1 :11  
( o p p o s i t e )
P o s s i b l e  c o r r e l a t i o n  b e tw e e n  a n d
c h l o r o p h y l l  a  mg/m^ a t  t h e  d e p t h  o f  1 m 
i n  L o c h  L i n d o r e s .
FIG.  1.11
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FIGURE 1 :1 2  
( o p p o s i t e )
P o s s i b l e  c o r r e l a t i o n  b e t w e e n  an d
c h l o r o p h y l l  a  mg/m^ a t  t h e  d e p t h  o f  1 m 
i n  L o c h  K i l c o n q u h a r .
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FIGURE 1 :1 3  
( o p p o s i t e )
The  p h y t o p l a n k t o n i c  c h l o r o p h y l l  _a. a t
S t a t i o n  A f o r  L o c h  L i n d o r e s  ( ----------------)
an d  L o c h  K i l c o n q u h a r  (   ) * f r o m  M arch
1979 t o  M a r c h  1 9 8 1 o
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T h e r e  was  no c h a r a c t e r i s t i c  s t r a t i f i c a t i o n  o f  p h y t o ­
p l a n k t o n  c h l o r o p h y l l  a  i n  e i t h e r  l o c h ,  a l t h o u g h  on  s e v e r a l  
o c c a s i o n s  t h e r e  was a  m arked  d i f f e r e n c e  a t  1 , 5  m i n  L o ch  
K i l c o n q u h a r ,  F i g u r e  1 : 1 4 ) .
b )  S u b m erg ed  m a c r o n h v t e s
P r a c t i c a l l y  no s u b m e r g e d  m a c r o p h y t e s  w e r e  o b s e r v e d  i n  
L o c h  L i n d o r e s  d u r i n g  t h e  s t u d y  p e r i o d .  H o w ev e r ,  s u b m erg ed  
m a c r o p h y t e s  g r e w  v e r y  w e l l  on  t h e  s o u t h  w e s t  s i d e  o f  L o c h  
K i l c o n q u h a r  r o u g h l y  n e a r  S t a t i o n  A, p a r t i c u l a r l y  a f t e r  t h e  
d e c l i n e  o f  t h e  A n a b a e n a  b lo o m  i n  e a r l y  J u l y  1 9 8 0 .  I n  S e p t e m b e r  
19 7 9 ,  C l a d o n h o r a  f r a c t a  was g r o w i n g  v e r y  w e l l  a n d  f o r m e d  a  
d e n s e  mat on a l m o s t  t h e  e n t i r e  s o u t h  w e s t  s h o r e  ( F i g u r e  1 : 1 5 ) .
A t  no t i m e  i n  1980 w as  t h e r e  a n y  s i g n  o f  t h i s  p l a n t  b u t  
B n t e r o m o r n h a  i n t e s t i n a l i s  g r e w  w e l l  a t  t h e  same p l a c e ,  p a r ­
t i c u l a r l y  a t  t h e  d e p t h  o f  0 , 7 5  m ( F i g u r e  1 : 1 6 ) .  I n  J u l y  1980
M-yriophyl lum s p i c a t u m  g rew  d e n s e l y ,  r e a c h i n g  a  maximum o f  
2980 mg/m c h l o r o p h y l l  a ,  a n d  a t  t h e  same t i m e  Z a n n i c h e l l i g  
p a l u s t r i s  was  a l s o  g r o w i n g  v e r y  w e l l  ( F i g u r e  1 : 1 6 ) .
c) S e d i m e n t a r y  c h l o r o p h y l l
The c o n c e n t r a t i o n s  o f  c h l o r o p h y l l  d e r i v e d  f r o m  t h e  
t o p  l a y e r s  o f  t h e  l o c h  s e d i m e n t s  i n  S t a t i o n  B ( F i g u r e  1 : 1 7 )  
c l e a r l y  i n d i c a t e d  t h a t  t h e  o v e r a l l  v a l u e  i n  L o c h  L i n d o r e s  i n  
t h e  y e a r  1979  was  much h i g h e r  t h a n  t h e  v a l u e  i n  L o c h  K i l ­
c o n q u h a r .
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FIGURE 1 : 1 4  
( o p p o s i t e )
The c h l o r o p h y l l  a  rng/m^ s t r a t i f i c a t i o n  a t  
S t a t i o n  B o f  a )  L o c h  L i n d o r e s  a n d  h )  L o c h  
K i l c o n q u h a r  i n  t h e  y e a r  1 9 7 9 .
a) Lindores  
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FIGURE 1 : 1 5  
( o p p o s i t e )
The s u b m e r g e d  m a c r o p h y t e s ,  p r e d o m i n a n t l y  
C l a d o p h o r a , c o l l e c t e d  a t  S t a t i o n  A o f  
L o c h  K i l c o n q u h a r  i n  t h e  y e a r  1979*
4 3 .
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FIGURE 1 : 1 6  
( o p p o s i t e )
The s u b m e r g e d  m a c r o p h y t e s  a t  t h e  d e p t h  o f  
a )  0 , 2 5  m, b )  0 . 5  m an d  c) 0 . 7 5  m i n  L o c h  
K i l c o n q u h a r  i n  t h e  y e a r  1 9 8 0 .
f i g . 1:16
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FIGURE 1 : 1 7  
( o p p o s i t e )
The s e a s o n a l  c h a n g e s  i n  s e d i m e n t a r y  
c h l o r o p h y l l  a t  S t a t i o n  B f o r  L o c h  L i n d o r e s
( ----------) a n d  L o c h  K i l c o n q u h a r  ( --------   ) i n
t h e  y e a r  1 9 7 9 .
FIG. 1,17
Sedimentary chlorophyll
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I .  5)  DISCUSSION
I t  b ecam e  a p p a r e n t  a f t e r  two y e a r s  o f  t h e  c o m p a r a t i v e  
s t u d y  b e t w e e n  t h e s e  two e u t r o p h i c  l o c h s  t h a t  v a r i o u s  f a c t o r s  
s u c h  a s  s o l u b l e  p h o s p h a t e  c o n c e n t r a t i o n ,  c o n d u c t i v i t y  and  
a l k a l i n i t y  d i f f e r e d  i n  t h e i r  o v e r a l l  v a l u e s .  H o w ev e r ,  f a c t o r s  
l i k e  s o l u b l e  n i t r a t e  c o n c e n t r a t i o n ,  d i s s o l v e d  s i l i c a  c o n c e n t r a t i o n  
and  pH w ere  r a t h e r  s i m i l a r  ( T a b l e  1 : 4 ) .
The s e a s o n a l  c h a n g e s  i n  w a t e r  c h e m i s t r y  an d  a l s o  p h y t o -  
p l a n k t o n i c  c h l o r o p h y l l  ^  w e r e  o b s e r v e d  t o  b e  c o n s i d e r a b l y  
d i f f e r e n t  b e t w e e n  t h e  y e a r  1979  and  th e  y e a r  1980  i n  b o t h  
l o c h s .
B ased  on t h i s ,  i t  i s  d i v i d e d  i n t o  e i g h t  s e a s o n a l  p h a s e s  
o v e r  two y e a r s  o f  s t u d i e d  p e r i o d s ;  a )  S p r i n g  1 9 7 9 ;  b )
Summer 1979» c)  Autumn 1 9 7 9 ;  d) W i n t e r  1 9 7 9 - 8 0 ;  e )  S p r i n g  
1980; f )  Summer 1 9 8 0 ;  i )  Autumn 1980 and  j )  W i n t e r  1 9 8 0 - 1 9 8 1 .
a )  S p r i n g  1 9 7 9 : I n  L o c h  L i n d o r e s ,  t h e  c h l o r o p h y l l  ^  was
g e n e r a l l y  a b o v e  100 mg/m . T h i s  was l a r g e l y  a t t r i b u t e d  t o  
t h e  A s t e r i o n e l l a  f o r m o s a  b l o o m  a n d  a t  t h e  same t i m e ,  d i s s o l v e d  
s i l i c a  h a d  b eco m e  t e m p o r a r i l y  l i m i t e d .  M ost  p o s s i b l y  t h e  
i n c r e a s e  i n  l i g h t  d u r a t i o n  a n d  i n t e n s i t y ,  a n d  a l s o  t o  a  
c e r t a i n  e x t e n t  w a t e r  t e m p e r a t u r e ,  s t i m u l a t e d  r a p i d  d i v i s i o n  
i n  t h e  a l r e a d y  p r e s e n t  w i n t e r  p o p u l a t i o n  o f  t h i s  s p e c i e s .
A c c o r d i n g  t o  L ee  (1 9 8 0 )  A s t e r i o n e l l a  f o r m o s a  i s  a  common 
f r e s h w a t e r  p l a n k t o n i c  d i a t o m  t h a t  f o r m s  l a r g e  s p r i n g  g r o w t h ,  
b e c a u s e  d u r i n g  w i n t e r  l i g h t  an d  t e m p e r a t u r e  l i m i t  t h e  g r o w t h  o f  
t h i s  d i a t o m .  H o w ev e r ,  when t h e  d i s s o l v e d  s i l i c a  b e c o m e s  
l i m i t i n g  a n d  r e a c h e s  0 , 3  m g / l ,  t h e  d i a t o m  c e a s e  g r o w t h .  A t  
t h i s  t i m e  t h e  c h l o r o p h y l l  a  was  m o d e r a t e l y  low i n  L o c h  
K i l c o n q u h a r  a n d  t h e  a l g a e  w e r e  m a i n l y  d i a t o m ,  s u c h  a s
4 7 .
T a b l e  1 i 4
Lim no l o g i c a l  p a r a m e t e r s  i n  L o c h  L i n d o r e s  and  L o c h  
K i l c o n q u h a r .  The  r a n g e  o f  r e a d i n g s  w e re  t a k e n  o v e r  
a  t w o - y e a r  p e r i o d ,  f r o m  F e b r u a r y  1979  t o  M arch  1981
L o ch  L i n d o r e s L o c h  K i l c o n q u h a r
( S i O g - S i )  mg 1 0 . 0 1 6 -  4 . 1 2 5 0 . 0 1 0  - 3 . 6 9 0
(NO,-N) mg l “ 0 . 3 0 0 -  3 . 3 0 0 0 . 9 8 0  - 2 . 3 5 0
(POj^-p) mg 3." < 0 . 0 0 1 -  0 . 1 1 2 0 . 0 0 4  - 0 . 7 8 0
C o n d u c t i v i t y
umhos 180 -  2 9 0 400 - 580
A l k a l i n i t y  meg 1~ 0 . 7 5 -  1 . 9 7 2 . 1 3  - 3 . 9 2
pH 7 . 3 0 -  9 . 2 0 7 . 6 0  - 1 0 . 4 0
C h l o r o p h y l l  a
( p h y t o p l a n k t o n ) 5 . 7 7 -  1 3 4 . 1 0 2 .2 1  - 3 5 7 . 2 0mg m""^
4 8 .
S t e p h a n o d l s c u s  s p , N a v i c u l a  s p  an d  S y n e d r a  s p .
b )  Summer 1 9 7 9 : The m a s s i v e  A n ab aen a  b l o o m  was  o b s e r v e d  
i n  t h e  l a t e  summer i n  L o c h  L i n d o r e s ,  On t h e  o t h e r  h a n d ,  t h e  
same b lo o m  o c c u r r e d  much e a r l i e r  i n  L och  K i l c o n q u h a r .  As 
e x p e c t e d ,  t h e  b l u e  g r e e n  a l g a e  n o r m a l l y  a p p e a r  i n  m o s t  o f  t h e  
e u t r o p h i c  l o c h s  i n  t h e  t e m p e r a t e  c o u n t r i e s ,  p a r t i c u l a r l y  when 
t h e  c o n d i t i o n s  b eco m e  f a v o u r a b l e  . B ro o k  ( 1 9 6 4 )  came t o  t h e  
same c o n c l u s i o n  r e g a r d i n g  t h i s  b l o o m  i n  w h i c h  he s t a t e d  t h a t  
g e n e r a l l y  t h e  s h a l l o v /  l o c h s  o f  f l u r i o  g l a c i a l  d e p o s i t  o r i g i n  
p a r t i c u l a r l y  i n  t h e  a g r i c u l t u r a l  l o w l a n d  a r e a  o f  S c o t l a n d  o f t e n  
show w a t e r  b lo o m s  i n  summer a n d  a u tu m n .
c) Autumn 1 9 7 9 : The m a s s i v e  A n a b a e n a  b lo o m  was s t i l l
p e r s i s t e n t  i n  L o c h  L i n d o r e s  a t  t h e  e a r l y  p a r t  o f  Autumn.  
S u b s e q u e n t l y  a f t e r  t h e  b l o o m  s u b s i d e d ,  t h e  c h l o r o p h y l l  a  
d r o p p e d  t r e m e n d o u s l y  t o  a  minimum l e v e l  o f  15 mg/m^ c h i  a .
I n  L och  K i l c o n q u h a r  t h e  c h l o r o p h y l l  a  was  c o n s i d e r a b l y  low  a t  
t h i s  t i m e .  H o w ev e r ,  t h e r e  was  a  m a s s i v e  g r o w t h  o f  C l a d o p h o r a  
f r a c t a , p a r t i c u l a r l y  o n  t h e  s o u t h  e a s t  s h o r e  o f  t h e  l o c h .  
A c c o r d i n g  t o  C h a r l e s  P .  Mason (1 9 6 5 )  t h a t  C l a d o p h o r a  o c c u r s  i n  
t h e  a l k a l i n e  w a t e r  and h i g h  pH. W h i t f o r d  a n d  S c h u m a c h e r
( 1 9 7 3 ) a d d e d  t h a t  i t  g e n e r a l l y  o c c u r s  i n  f r e s h w a t e r  h a b i t a t s  
n e a r  t h e  s e a s h o r e .
d) W i n t e r  1 9 7 9 - 1 9 8 0 : A t  t h i s  t i m e  t h e  c h l o r o p h y l l  a  
v a l u e  was m o d e r a t e l y  low i n  L o c h  L i n d o r e s ,  e x c e p t  f o r  a  s l i g h t  
i n c r e a s e  i n  F e b r u a r y  1 9 8 0 .  T h i s  was due  t o  t h e  d e n s e  g r o w t h  
o f  A s t e r i o n e l l a  f o r m o s a . On t h e  o t h e r  h a n d ,  t h e r e  was a  b l o o m
U9.
o f  S t e p h a n o d i s c u s  s p . i n  L o ch  K i l c o n q u h a r  w h e re  c h l o r o p h y l l  a
•2r e a c h e d  1U0 mg/m i n  J a n u a r y  1 9 8 0 .  T h i s  i s  p r o b a b l y  due  
t o  t h e  ample  s u p p l i e s  o f  n u t r i e n t s ,  p a r t i c u l a r l y  p h o s p h a t e ,  
i n  t h e  w a t e r  d u r i n g  t h e  a u tu m n  s e d i m e n t  r e l e a s e .  Even  
t h o u g h  t h e  w a t e r  was  b e l o w  h°C an d  m os t  o f  t h e  l o c h  i n t e r ­
m i t t e n t l y  f r o z e n ,  t h i s  d i a t o m  s t i l l  p e r s i s t e d .  I t  s h o u l d  
be  n o t e d  t h a t  B a i l e y - W a t t s  ( 1 9 7 8 )  who h a d  made a  n i n e - y e a r  
s t u d y  o f  p h y t o p l a n k t o n  i n  L o c h  L e v e n  a l s o  i n d i c a t e d  t h a t  
S t e p h a n o d i s c u s  a s t r a e a  KÜtz a n d  C v c l o t e l l a  g l o m e r a t a  a p p e a r e d  
t o  b e  t h e  m a in  co m p o n en t  o f  t h e  1 9 7 3 - 1 9 7 4  m i d - w i n t e r  maximum 
o f  a p p r o x i m a t e l y  1 5 0 ,0 0 0  c e l l  m l” .
e )  S p r i n g  1 9 8 0 ; The c h l o r o p h y l l  a  was  g e n e r a l l y  v e r y  
low a t  t h i s  t im e  i n  L o c h  L i n d o r e s .  On t h e  o t h e r  h a n d ,  t h e r e  
was a n  e a r l y  a p p e a r a n c e  o f  A n a b a e n a  b lo o m  i n  L o c h  K i l c o n -  
q u h a r ,  i n  l a t e  s p r i n g .  A c c o r d i n g  t o  R e y n o l d s  and  W alsb y  
(1 9 7 5 )  i n  t e m p e r a t e  r e g i o n s ,  t h e r e  i s  o f t e n  a  c h a r a c t e r i s t i c a l l y  
s e a s o n a l  d e v e l o p m e n t  o f  b l o o m - f o r m i n g  a l g a e  i n  w h i c h  f i l a ­
m en tous  f o r m s  s u c h  a s  A n a b a e n a  f l o s - a q u a e  a p p e a r  f i r s t  b e t w e e n  
A p r i l  a n d  J u l y .  T h i s  s p e c i e s  b e g i n s  t o  g row a b o v e  5 ^ 0 ,  
p r o d u c i n g  i t s  m o s t  r a p i d  r a t e  o f  i n c r e a s e  b e t w e e n  10°0  a n d  
15°C. So i t  i s  n o t  s u r p r i s i n g  t h a t ,  i n  t h i s  c a s e ,  i t  had 
a p p e a r e d  much e a r l i e r  w h i l e  t h e  w a t e r  t e m p e r a t u r e - w a s  s t i l l  
m o d e r a t e l y  lo w .
f )  Summer 1 9 8 0 ; T h e r e  was no s i g n  o f  b l u e  g r e e n  a l g a e  
i n  L och  L i n d o r e s .  A l t h o u g h  t h e  w a t e r  t e m p e r a t u r e  was f a i r l y  
warm, t h e  c h l o r o p h y l l  a  r e a d i n g  was v e r y  lo w .  On t h e  o t h e r  
h a n d ,  t h e r e  was  a  s e c o n d  a p p e a r a n c e  o f  a  b l u e  g r e e n  b lo o m
5 0 .
i n  L och  K i l c o n q u h a r ,  h u t  t h i s  t i m e  i t  was A p h a n izo m e n o n  f l o s -  
a q u a e . w h e re  i t  r e a c h e d  a  maximum o f  130 mg/m^ c h l o r o p h y l l  a ,  
i n  l a t e  A u g u s t .  I t  seem s  t h a t  s o l u b l e  n i t r a t e  i n c r e a s e s  
s l i g h t l y  i n  L o c h  K i l c o n q u h a r  w a t e r  a t  t h e  t im e  o f  t h e  b lo o m .  
S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  b y  H orne  e t  a l .  ( 1 9 7 9 )  i n  w h i c h  
he o b s e r v e d  i n  C l e a r  L a k e  t h a t  d u r i n g  t h e  m a s s i v e  b l o o m  o f  
A p han izom enon  f l o s - a q u a e . t h e  l a k e * s  n i t r o g e n  incom e  had  
d o u b l e d .
g) Autumn 1 9 8 0 ; A t  t h i s  t i m e  o f  t h e  y e a r  b o t h  o f  t h e  
l o c h s  w e re  g e n e r a l l y  low i n  p h y t o p l a n k t o n i c  c h l o r o p h y l l  a .
h) W i n t e r  1 9 8 0 - 8 1 ; O n ly  i n  l a t e  w i n t e r  a n d  e a r l y  s p r i n g  
was A s t e r i o n e l l a  f o r m o s a  o b s e r v e d  t o  come o u t  i n  L o c h  L i n d o r e s .  
U n l i k e  t h e  p r e v i o u s  w i n t e r  t h e  c h l o r o p h y l l  a  i n  L o c h  K i l ­
c o n q u h a r  was  m o d e r a t e l y  l o w .
T h e se  f a c t s  i l l u s t r a t e  how d i f f i c u l t  i t  i s  t o  p r e d i c t  
t h e  s e q u e n c e  o f  e v e n t s ,  p a r t i c u l a r l y  t h e  o c c u r r e n c e  o f  b l u e  
g r e e n  a l g a l  b l o o m s ,  t h a t  t a k e  p l a c e  i n  a n  e n r i c h e d  l o c h .
I n  a  r e v i e w  O s w a l t  a n d  B erm ann  ( 1 9 7 7 )  c o n c l u d e d  t h a t  a f t e r  
one h u n d r e d  y e a r s  o f  o b s e r v a t i o n  a n d  e x p e r i m e n t  b y  l i m n o l o -  
g i s t s ,  t h e  c a u s e s  o f  d o m in a n c e  b y  c e r t a i n  a l g a e  a n d  f r e q u e n c y  
o f  a l g a l  b l o o m s . a r e  n o t  f u l l y  u n d e r s t o o d ,  p a r t i c u l a r l y  i n  t h e  
f r e s h w a t e r  e n v i r o n m e n t .  H o w ev e r ,  a s  s t a t e d  p r e v i o u s l y  many 
l i m n o l o g i s t s  s u c h  a s  Y o l l e n w e i d e r  ( 1 9 7 0 ) ,  D i l l o n  a n d  R i g l e y
(1974)  and  S c h i n d l e r  ( 1 9 7 8 )  a r g u e  s t r o n g l y  t h a t  t h e  m o s t  
s i g n i f i c a n t  f a c t o r  i n  c o n t r o l l i n g  p h y t o p l a n k t o n  p r o d u c t i v i t y ,  
p a r t i c u l a r l y  t h a t  o f  b l u e  g r e e n  a l g a e  i s  p h o s p h a t e .  T h i s  
a p p e a r s  w i t h  t h e  m a in  c o n c l u s i o n  t h a t  c a n  b e  d raw n  f r o m  d a t a
5 1 .
p r e s e n t  h e r e .
The m o s t  o b v i o u s  f e a t u r e  i n  L och  L i n d o r e s ,  p a r t i c u l a r l y  
i n  t h e  y e a r  1 9 8 0 ,  was t h e  a b s e n c e  o f  a  b l u e  g r e e n  a l g a l  b l o o m .
A t  t h e  same t i m e  t h e  o v e r a l l  s o l u b l e  p h o s p h a t e  c o n c e n t r a t i o n  
was low an d  i n d i c a t e s  t h a t  t h i s  was i n s u f f i c i e n t  t o  i n i t i a t e  
t h e  g r o w t h  o f  s u c h  b l o o m s .  A l t h o u g h  t h e  l o c h  was c o n s i d e r e d  
a t  t h e  o u t s e t  l i k e l y  t o  b e  i n f l u e n c e d  b y  a g r i c u l t u r a l  r u n ­
o f f ,  t h e  i n f l o w  s a m p l e  f r o m  t h e  a r a b l e  l a n d  t a k e n  on 1 7 t h  
O c t o b e r ,  1 9 7 9 ,  was low  i n  p h o s p h a t a  H o w ev e r ,  t h e  n i t r a t e  
c o n c e n t r a t i o n  i n  t h e  same i n f l o w  was e x t r e m e l y  h i g h ,  r e a c h i n g  
6 . 2 0  m g / l  NO^-N. Thus  much n i t r o g e n o u s  f e r t i l i z e r  was 
r e a c h i n g  t h e  l o c h .
F u r t h e r m o r e ,  a c c o r d i n g  t o  A r m i t a g e  (1 9 7 4 )  p h o s p h a t e ,  
u n l i k e  n i t r a t e ,  i s  v i r t u a l l y  im m o b i l e  i n  t h e  s o i l  an d  t h e r e ­
f o r e  i s  n o t  e a s i l y  l e a k e d  o u t .  Many w o r k e r s  p o i n t e d  o u t  t h a t  
t h e  p r e s e n c e  o f  s o l u b l e  p h o s p h a t e  i n  t h e  w a t e r  i s  q u i c k l y  
u t i l i z e d  b y  t h e  p h y t o p l a n k t o n  o r  i t  c o u l d  p r e c i p i t a t e  i n  l o c h  
s e d i m e n t .
R e g a r d i n g  p r e c i p i t a t i o n  o f  p h o s p h a t e  w i t h  o t h e r  c h e m i c a l  
e l e m e n t s  K u c e r a  ( 1 9 7 6 )  c l e a r l y  i n d i c a t e d  t h a t  c a l c i u m  p h o s ­
p h a t e  i s  f o r m e d  when t h e  e n v i r o n m e n t  i s  a l k a l i n e  and  u n d e r  
more a c i d  c o n d i t i o n s ,  p h o s p h a t e  e n t e r s  i n t o  c h e m i c a l  c o m b i n a t i o n  
w i t h  i r o n  and  a l u m i n i u m .  I n  t h i s  c a s e ,  u n l e s s  t h e r e  i s  a n  
a d e q u a t e  s u p p l y  o f  p h o s p h a t e  f r o m  t h e  l o c h  s e d i m e n t ,  i t s  
c o n c e n t r a t i o n  w i l l  s u b s e q u e n t l y  becom e  l i m i t e d  i n  t h e  l o c h  
w a t e r .  G e n e r a l l y  i n  warm w e a t h e r  w h e re  t h e r e  i s  h i g h  b i o ­
l o g i c a l  demand f o r  d i s s o l v e d  o x y g e n ,  p a r t i c u l a r l y  o n  t h e  mud 
s u r f a c e ,  a n a e r o b i c  c o n d i t i o n s  may d e v e l o p  u n d e r  s t r a t i f i c a t i o n  
c o n d i t i o n s  an d  t h e s e  s h o u l d  s u b s e q u e n t l y  l e a d  t o  n u t r i e n t
5 2 .
r e l e a s e .
H o w ev e r ,  i n  L o c h  L i n d o r e s ,  p r e s u m a b l y  w i t h  l i t t l e  
b i o l o g i c a l  demand f o r  o x y g e n  o r  w i t h  no s t r o n g  s t r a t i f i c a t i o n ,  
t h e r e  i s  no  s e v e r e  d e p l e t i o n  o f  d i s s o l v e d  o x y g e n  e v e n  i n  
summer.  As a  r e s u l t ,  t h e r e  i s  p o s s i b l y  no s e d i m e n t  r e l e a s e .
As s t a t e d  b e f o r e ,  t h e  s o l u b l e  p h o s p h a t e  c o n c e n t r a t i o n  
i n  Loch  K i l c o n q u h a r  w a s ,  i n  g e n e r a l ,  e x c e p t i o n a l l y  h i g h .  
A c c o r d i n g  t o  Round ( 1 9 7 3 )  s o l u b l e  p h o s p h a t e  i s  g e n e r a l l y  p r e s e n t  
i n  s m a l l  q u a n t i t y  i n  n a t u r a l  w a t e r ,  e x c e p t  i n  some w h i c h  a r e  
p o l l u t e d  b y  c e r t a i n  o r g a n i c  m a t e r i a l s .  L i k e  L o c h  L i n d o r e s ,  
t h e  i n f l o w  w h i c h  d r a i n s  f r o m  t h e  a d j o i n i n g  a g r i c u l t u r a l  a r e a  
was  r e a s o n a b l y  lo w  i n  s o l u b l e  p h o s p h a t e .  By c o n t r a s t ,  t h e  
l o c h  was e x t r e m e l y  h i g h  i n  s o l u b l e  p h o s p h a t e  e s p e c i a l l y  i n  
summer.  P e r h a p s  s e d i m e n t  r e l e a s e  had o c c u r r e d .  I n  a d d i t i o n ,  
t h e  p r e s e n c e  o f  many b i r d s  o n  a  r e l a t i v e l y  s m a l l  l o c h  l i k e  
L o c h  K i l c o n q u h a r  w i l l  o b v i o u s l y  h a v e  a  t r e m e n d o u s  i m p a c t  on  
t h e  l o c h  e c o s y s t e m  i t s e l f ,  p a r t i c u l a r l y  r e g a r d i n g  c o n c e n ­
t r a t i o n s  o f  n u t r i e n t s  s u c h  a s  p h o s p h a t e .
T h i s  p a r t i c u l a r  q u e s t i o n  o f  p h o s p h a t e  s u p p l y  i s  o f  a  
g r e a t  i n t e r e s t  e s p e c i a l l y  i n  t h e  e c o l o g i c a l  c o n t e x t  o f  f r e s h ­
w a t e r  l a k e s  so  i t  w i l l  b e  t h o r o u g h l y  d e a l t  w i t h  i n  t h e  f o l l o w ­
i n g  c h a p t e r s .
N i t r a t e  i s  a n  e q u a l l y  i m p o r t a n t  p l a n t  n u t r i e n t .  T h e r e  
a r e  am p le  s u p p l i e s  o f  n i t r a t e  f r o m  t h e  a g r i c u l t u r a l  i n f l o w s  t o  
b o t h  l o c h s .  I n  a d d i t i o n ,  b l u e  g r e e n  a l g a e  s u c h  a s  A n a b a e n a  
f l o s - a q u a e  w h i c h  n o r m a l l y  o c c u r  i n  summer,  c a n  s y n t h e s i z e  
a t m o s p h e r i c  n i t r o g e n  i n t o  u s a b l e  n i t r a t e ,  some o f  w h ic h  may 
e v e n t u a l l y  b e  u t i l i z e d  b y  o t h e r  a l g a e ,  a s  p o i n t e d  o u t  b y  
Horne  ( 1 9 7 9 ) .  H e n c e ,  i t  seems l i k e l y  t h a t  t h e  am o u n t  o f  
n i t r a t e  a v a i l a b l e  i s  s u f f i c i e n t  t o  m a i n t a i n  a l g a l  a n d  m a c r o -  
p h y t e  g r o w t h  ( T a b l e  1 : 5 ) .
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T a b l e  1 ; 5
The r a n g e  of* PO^^-P a n d  NO^-N c o n c e n t r a t i o n s  i n  
e n r i c h e d  a n d  u n e n r i c h e d  l a k e s .
Lake r o ^ - p
m g / l
NOj-N
m g / l
B r i e f
a c c o u n t R e f e r e n c e
V e l l o r e  Moat(M a d r a s ,
I n d i a )
2 . 8 0 - 2 2 . 0 0 u n d e c t a b l e  
( H i g h  i n  NH^-N)
e n r i c h e d  b y  
f a e c a l  p o l -  
l u t  i o n
S v e e n i v a s a n
(1 9 7 2 )
H i c k l i n g
B r o a d
( N o r f o l k ,
E n g l a n d )
< 0 . 0 0 1 - 0 . 3 6 dCO.0 0 1 - 2 . 2 0 e n r i c h e d  b y  
g u l l  d r o p ­
p i n g s  an d  
a g r i c u l t u r a l  
r u n  o f f
L e a h
( 1 9 7 8 )
L ake
Sammamish( U . S . A . )
< 0 . 0 0 1 - 0 . 0 1 4 < 0 . 0 0 1 - 0 . 5 0 u n e n r i c h e d
l a k e B i r c h(1 9 8 1 )
L o c h
L i n d o r e s
( F i f e ,
S c o t l a n d )
< 0 . 0 0 1 - 0 . 1 1 2 0 . 3 0 - 3 . 3 0 e n r i c h e d  b y  
a g r i c u l t r u a l  
r u n  o f f
1981
( T h i s
t h e s i s )
L och
K i l c o n q u h a r
( F i f e ,
S c o t l a n d )
0 . 0 0 4 - 0 . 7 8 0 . 9 8 - 2 . 3 5 e n r i c h e d  b y  b i r d  d r o p ­
p i n g s  an d  a g r i c u l t u r a l  
r u n  o f f
1981
( T h i s
t h e s i s )
54 .
e t  a l .  a n d  S e g n a
As d e s c r i b e d  b y  R o c k w e l l / ( 1 9 8 o ) , T h o m a n r / ( 1 9 8 0 )  and  C l e g g
( 1 9 6 5 ) ,  s i l i c a  i s  o n l y  i m p o r t a n t  f o r  d i a t o m  g r o w t h .  I n  b o t h  
l o c h s ,  t h e  d i s s o l v e d  s i l i c a  c o n c e n t r a t i o n  was g e n e r a l l y  low 
d u r i n g  t h e  d e n s e  g r o w t h  o f  A s t e r i o n e l l a  f o r m o s a  i n  L o c h  
L i n d o r e s  a n d  l i k e w i s e  S t e p h a n o d i s c u s  s p . i n  L o c h  K i l c o n q u h a r .  
A p a r t  f r o m  t h i s ,  i t  s eem ed  t h a t  s u f f i c i e n t  a m o u n t s  w e r e  p r e s e n t  
t o  b e  l i m i t i n g  t h e  d i a t o m  g r o w t h  i n  b o t h  l o c h s .
B a g l e y  and  W i l l i a m  ( 1 9 7 3 )  s t a t e d  t h a t  pH h a s  b e e n  o v e r ­
e m p h a s i z e d  a s  a n  e c o l o g i c a l  f a c t o r  b u t  t h i s  d o e s  n o t  mean 
t h a t  i t  i s  n o t  w o r t h y  o f  m e a s u r e m e n t .  I t  f r e q u e n t l y  d o e s  
g i v e  a  c l u e  t o  t h e  e x i s t e n c e  o f  o t h e r  f a c t o r s  t h a t  may b e  
h i g h l y  s i g n i f i c a n t .  F o r  e x a m p l e ,  h i g h l y  p o l l u t e d  w a t e r  h a s  
e i t h e r  t o o  low o r  t o o  h i g h  pH v a l u e .  I t  s ee m s  t h a t  b o t h  t h e  
l o c h s  s t u d i e d  h a v e  pH v a l u e s  n o t  t o o  a l k a l i n e  e x c e p t  on 
o c c a s i o n  i n  L o c h  K i l c o n q u h a r  d u r i n g  t h e  p e a k  o f  A n a b a e n a  
f l o s - a q u a e  b l o o m  i n  e a r l y  summer 1980 w h e r e  i t  r e a c h e d  a  
maximum v a l u e  o f  1 0 . 2 ,
T h i s  i s  m os t  p r o b a b l y  d u e  t o  t h e  h i g h l y  u t i l i z e d  f r e e  
GO2 and  HCO^ i n  t h e  w a t e r  a t  t h a t  t i m e  b y  t h i s  s p e c i e s .
S i n c e ,  a c c o r d i n g  t o  A l l e n  and  S p e n c e  ( 1 9 8 I )  w hen  t h e  a l k a l ­
i n i t y  an d  c a r b o n  c o n c e n t r a t i o n  a r e  known, t h e  p h o t o s y n t h e t i c  
a c t i v i t y  o f  m i c r o a l g a e  c a n  b e  m e a s u r e d  b y  t h e  c h a n g e  i n  pH,
They c o n c l u d e d  f r o m  4  m i c r o a l g a e  and  10 m a c r o p h y t e s  s t u d i e d  
t h a t  t h e  m i c r o a l g a e  ( i n c l u d i n g  A n a b a e n a  f l o s - a q u a e ) had  
c o n s i d e r a b l y  g r e a t e r  a p p a r e n t  a f f i n i t i e s  f o r  HCO^” an d  
s l i g h t l y  g r e a t e r  a p p a r e n t  a f f i n i t i e s  f o r  0 0 ^  t h a n  t h e  m a c r o ­
p h y t e s .
I t  s h o u l d  b e  n o t e d  t h a t  t h e  c o n d u c t i v i t y  o f  L o c h  
K i l c o n q u h a r  was a l s o  e x t r e m e l y  h i g h .  T h i s  i s  d u e  t o  t h e
5 5 .
h i g h  c o n c e n t r a t i o n s  o f  d i s s o l v e d  s a l t ,  A s i m i l a r  r e s u l t  was 
o b s e r v e d  i n  Lake  M a g g i o r e ,  N o r t h  I t a l y ,  i n  w h i c h  a c c o r d i n g  t o  
Bonomi ( 1 9 6 8 ) o v e r  a  p e r i o d  o f  n i n e  y e a r s ,  t h e  c o n d u c t i v i t y  
i n c r e a s e d  b y  a b o u t  1 0 ^ ,  w h i c h  i m p l i e s  a  c o r r e s p o n d i n g  i n c r e a s e  
i n  t h e  q u a n t i t y  o f  d i s s o l v e d  s a l t s ,  a n d  a  l a r g e  i n c r e a s e ,  a b o u t  
2 0 ^ ,  i n  t h e  am oun t  o f  s o l u b l e  n i t r a t e .
A c c o r d i n g  t o  V a l l e n t y n e  ( 1 9 5 5 )  s e d i m e n t a r y  c h l o r o p h y l l  
i s  n o t  o n l y  d e r i v e d  f r o m  t h e  m a c r o p h y t e s  and  m i c r o a l g a e  i n  t h e  
l a k e ,  b u t  a l s o  f r o m  p l a n t s *  r e m a i n s  w a sh e d  i n t o  t h e  l a k e  
b a s i n .  Gorham ( i 9 6 0 ) s t r e s s e d  t h a t  the  c o n c e n t r a t i o n  o f  
c h l o r o p h y l l  d e r i v e d  m a i n l y  f r o m  b e n t h i c  a l g a e  c a n  b e  c o n ­
s i d e r e d  a  s e n s i t i v e  i n d e x  o f  l a k e  f e r t i l i t y .  T a b l e  1 : 6  
shows t h a t  s e d i m e n t a r y  c h l o r o p h y l l  i n  L o c h  L i n d o r e s  was h i g h e r  
t h a n  i n  L o c h  K i l c o n q u h a r .  H o w e v e r ,  i n  t e r m s  o f  t h e i r  
s e d i m e n t a r y  c h l o r o p h y l l ,  b o t h  l o c h s  a r e  c o n s i d e r e d  v e r y  
f e r t i l e  c o m p a r e d  w i t h  m os t  l a k e s  i n  t h e  L ak e  D i s t r i c t .
From t h e  l i g h t  r e a d i n g s  i t  i s  c l e a r l y  i n d i c a t e d  t h a t  
l i g h t  c o u l d  a t  t i m e s  p e n e t r a t e  t o  t h e  v e r y  b o t t o m  o f  e i t h e r  
o f  t h e s e  tw o  s h a l l o w  l o c h s .  A p a r t  f r o m  t h e  s h a d i n g  e f f e c t  
b y  t h e  p h y t o p l a n k t o n i c  b l o o m s ,  t h e  d i f f e r e n c e  b e t w e e n  t h e  
s l o p e s  may b e  d u e  t o  d i f f e r e n c e s  i n  n o n - a l g a l  p a r t i c u l a t e  
and  d i s s o l v e d  s u b s t a n c e s  i n  b o t h  l o c h s  ( B i n d l o s s  1 9 7 4 ) .
T h i s  may a l s o  e x p l a i n  t h e  s c a t t e r  o f  t h e  p o i n t s  a t  lov/ 
c h l o r o p h y l l  c o n c e n t r a t i o n s  i n  L o c h  K i l c o n q u h a r .
S e v e r a l  s u b m er g ed  m a c r o p h y t e s ,  s u c h  a s  P o t a m o g e t o n
p r a e l o n g u s . N i t e l l a  s p . a n d  C h a r a  s p . w e re  e n c o u n t e r e d
p r e v i o u s l y  b y  S p e n c e  ( 1 9 6 4 )  i n  L o c h  L i n d o r e s .  I t  was q u i t ew ere  .
s t r a n g e  t h a t  no s u b m e r g e d  m a c r o p h y t e s / f o u n d  i n  t h i s  l o c h  
d u r i n g  t h e  s t u d i e d  p e r i o d .  A c c o r d i n g  t o  S p e n c e  ( P e r s ,  comm*)
5 6 .
T a b l e  1 : 6
S e d i m e n t a r y  c h l o r o p h y l l  d e r i v a t i v e s  f r o m  v a r i o u s  
l a k e s ,  (m ean  v a l u e )
Lake S e d i m e n t a r y  c h l o r o p h y l l  
u n i t  p e r  g  d r y  w e i g h t
R e f e r e n c e
W e s t w a t e r 0 .2 1 Gorham ( i 9 6 0 )
E n n e r d a l e  W a t e r 0 . 2 4 Gorham ( I 9 6 0 )
W i n d e r m e r e ,  
N o r t h  b a s i n 0 . 8 3 Gorham ( i 9 6 0 )
B s t h w a i t e  W a t e r 1 . 3 7 Gorham ( i 9 6 0 )
P r i e s t  P o t 6 . 8 8 Gorham ( i 9 6 0 )
L o ch
K i l c o n q u h a r 9 . 4 6 1981 ( t h i s  s t u d y )
Loch  L i n d o r e s 2 2 . 1 2 1981 ( t h i s  s t u d y )
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p e r h a p s  t h e  i n t e n s i v e  u s e  o f  b a n n e d  h e r b i c i d e s  (weed k i l l e r )  
i n  t h e  e a r l y  s i x t i e s ,  w h i c h  e v e n t u a l l y  r e a c h e d  t h e  l o c h ,  
d e s t r o y e d  t h e  s u b m e r g e d  m a c r o p h y t e s .  T h i s  may b e  one  o f  t h e  
r e a s o n s  why t h e r e  a r e  now v e r y  f e w  su b m erg ed  m a c r o p h y t e s  
i n  t h e  l o c h .
On t h e  o t h e r  h a n d ,  v a r i o u s  subm erged  m a c r o p h y t e s ,  s u c h  
a s  B n t e r o m o r p h a  i n t e s t  i n a l i s , Z a n n i c h e l l i a  p a l u s t r i s . 
C l a d o p h o r a  f r a c  t a  a n d  M y r io p  h.v 1 lum s p i c a t u m  w e re  f o u n d  
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1 .  k )  CONCLUSION
The r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  b o t h  l o c h s  a r e  n o n ­
s t r a t i f i e d  and  t h a t  L o c h  K i l c o n q u h a r  i s  h i g h l y  e u t r o p h i c a t e d . 
P h o s p h a t e  seems t o  b e  t h e  k e y  f a c t o r  f o r  l a k e  e u t r o p h i c a t i o n .
The a b s e n c e  o f  a  b l u e - g r e e n  a l g a l  b lo o m  i n  t h e  y e a r  1980  i n  
L och  L i n d o r e s  s t r o n g l y  s u g g e s t s  t h a t  w i t h  p r o p e r  p h o s p h a t e  
c o n t r o l  m e a s u r e s ,  t h i s  t y p e  o f  a l g a l  b l o o m  c a n  b e  p r e v e n t e d .
T h i s ,  o f  c o u r s e ,  d o e s  n o t  mean t h a t  o t h e r  e l e m e n t s  a r e  
n o t  i m p o r t a n t  t o  p h y t o p l a n k t o n ,  p a r t i c u l a r l y  t h e  b l u e - g r e e n  
a l g a e ,  b u t  o n l y  t h a t  t h e s e  e l e m e n t s  a r e  p r e s e n t  i n  e x c e s s  
q u a n t i t i e s  r e l a t i v e  t o  p h o s p h a t e  i n  t h e  l o c h  w a t e r ;  f o r  e x a m p l e ,  
b o t h  l o c h s  g e t  a n  am ple  s u p p l y  o f  n i t r a t e  f r o m  a g r i c u l t u r a l  
r u n - o f f . .  A l g a l  a b u n d a n c e ,  t h e r e f o r e ,  g e n e r a l l y  v a r i e s  w i t h  
t h e  amount  o f  p h o s p h a t e  a v a i l a b l e  i n  w a t e r .
W h i l e  b l u e - g r e e n  a l g a l  b lo o m s  may b e  u n d e s i r a b l e ,  p r e s e n t  
r e s u l t s  s u g g e s t  t h a t  t h e s e  b lo o m s  c o n t r i b u t e  t o  t h e  n i t r o g e n  
b u d g e t  o f  b o t h  l o c h s .
P r e s e n t  d a t a  i n d i c a t e  t h a t  e x c e s s  n u t r i e n t s  i n  t h e ’ w a t e r  
o n l y  r e s u l t  i n  b l u e - g r e e n  a l g a l  g r o w t h  i n  warm c o n d i t i o n s .
T h u s ,  i n  L o c h  K i l c o n q u h a r ,  b l u e - g r e e n  a l g a e  showed a  m arked  
r e s p o n s e  t o  h i g h  a v a i l a b l e  p h o s p h a t e  i n  t h e  w a t e r ,  p a r t i c u l a r l y  
d u r i n g  t h e  r i s e  o f  w a t e r  t e m p e r a t u r e  i n  l a t e  s p r i n g ,  b u t  e x c e s s  
n u t r i e n t s  i n  t h e  w a t e r  u n d e r  c o l d  c o n d i t i o n s  f a v o u r e d  d i a t o m  
g r o w t h .
I t  seenB t h a t  m o s t  o f  t h e  b a s i n s  o f  b o t h  l o c h s  l i e  w i t h i n  
t h e  e u p h o t i c  z o n e ,  w h i c h ,  w i t h  s u f f i c i e n t  s u p p l y  o f  n u t r i e n t s  
i n  l o c h  w a t e r  a n d  s e d i m e n t ,  a l l o w e d  h i g h  p r o d u c t i v i t y  o f  
b e n t h i c  a l g a e  a n d ,  i n  t h e  s h a l l o w e s t  p a r t s  o f  L o c h  K i l c o n q u h a r ,
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s u b m erg ed  m a c r o p h y t e s .  S u b m e rg e d  m a c r o p h y t e s  a r e  s c a r c e  i n  
L o c h  L i n d o r e s  b u t  s e d i m e n t a r y  a l g a e  g row w e l l  i n  t h a t  l o c h  a n d ,  
t h e r e f o r e ,  c o n t r i b u t e  t o  t h e  o v e r a l l  p r o d u c t i v i t y  o f  t h i s  l o c h .
CHAPTER I I
SOURCES OF NUTRIENTS, PARTICULARLY PHOSPHATE 
IN LOCH KILCONQUHAR
6o,
2 .  1) AIMS AND METHODS
L o c h  K i l c o n q u h a r  was c h o s e n  f o r  a  f u r t h e r  i n t e n s i v e  
s t u d y  b e c a u s e  o f  t h e  r e l a t i v e l y  h i g h  s o l u b l e  p h o s p h a t e  c o n ­
c e n t r a t i o n  i n  t h e  l o c h  w a t e r .  S i n c e  p h o s p h a t e  i s  t h e  m o s t  
e s s e n t i a l  n u t r i e n t  g o v e r n i n g  t h e  loch* s  p r o d u c t i v i t y ,  t h e  
p o s s i b l e  s o u r c e s  o f  t h i s  n u t r i e n t  i n  t h e  l o c h  a r e  t h o r o u g h l y  
i n v e s t i g a t e d .  B e s i d e s  p h o s p h a t e ,  n i t r a t e  an d  s i l i c a  a r e  
a l s o  a n a l y s e d .
P r e s u m a b l y  t h e  d u c k  an d  t h e  g u l l  d r o p p i n g s  a c c o u n t e d  f o r  
n e a r l y  90^  o f  t h e  t o t a l  b i r d  d r o p p i n g s  i n  L o c h  K i l c o n q u h a r .
As s t a t e d  e a r l i e r ,  t h e  c h e m i c a l  c o m p o s i t i o n  o f  t h e i r  d r o p p i n g s  
d e p e n d s  on f o o d  i n t a k e ;  m o s t  o f  t h e  d u c k  s p e c i e s  consume 
m a i n l y  v e g e t a t i v e  m a t e r i a l ,  w h i l e  t h e  g u l l s  s c a v e n g e  f i s h  
s c r a p s  a n d  o c c a s i o n a l l y  w orm s .  T h e s e  f a c t s  s t r o n g l y  s u g g e s t e d  
t h a t  t h e i r  d r o p p i n g s  w o u ld  hav e  d i f f e r e n t  c o n c e n t r a t i o n s  o f  
b u l k  p h o s p h a t e  and  n i t r a t e .  To h a v e  some i d e a  a b o u t  t h i s ,  
one g ram  f r e s h  s a m p l e  e a c h  o f  d u c k  and  g u l l  d r o p p i n g s  w e r e  
a n a l y s e d  f o r  t o t a l  p h o s p h a t e  a n d  t o t a l  k j e l d a h l  n i t r o g e n  
c o n c e n t r a t i o n s .  I n  a d d i t i o n ,  t h e  s o l u b i l i t y  o f  s a m p l e s  o f  
e a c h  t y p e  o f  d r o p p i n g  i n  d i s t i l l e d  w a t e r  was  a l s o  s t u d i e d , .
The r e l e a s e  o f  n u t r i e n t s  f r o m  d e c a y i n g  s u b m e r g e d  
m a c r o p h y t e s  and  f r o m  a  d e c a y i n g  A p h a n izo m e n o n  b l o o m ,  was a l s o  
l o o k e d  i n t o .
A) g l e ia
As s t a t e d  b e f o r e ,  t h e  i n f l o w  i s  s i t u a t e d  on t h e  e a s t  
s i d e  o f  t h e  l o c h  an d  d r a i n e d  f r o m  a p p r o x i m a t e l y  200 a c r e s
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o f  a r a b l e  l a n d .  The a g r i c u l t u r a l  r u n - o f f  w h i c h  i s  p r e s u m a b l y  
r i c h  i n  n u t r i e n t s ,  p a r t i c u l a r l y  n i t r a t e  and  p h o s p h a t e ,  c o u l d  
b e  one o f  t h e  m a j o r  s o u r c e s  o f  n u t r i e n t s  i n  t h e  l a k e  w a t e r .
I n  o r d e r  t o  i n v e s t i g a t e  t h i s  p o s s i b l e  n u t r i e n t  s o u r c e  
f o r  t h e  l o c h ,  r o u t i n e  w a t e r  s a m p l e s  f r o m  t h e  i n f l o w  w ere  
c o l l e c t e d  a n d  a n a l y s e d  a l m o s t  e v e r y  f o r t n i g h t ,  f r o m  1 1 t h  
M arch ,  1980  t o  1 0 t h  M ar ch ,  1 9 8 1 .  A t  t h e  same t i m e ,  w a t e r  
s a m p l e s  w e re  t a k e n  f r o m  S t a t i o n  A, S t a t i o n  B an d  a l s o  f r o m  
t h e  o u t f l o w  w h i c h  i s  s i t u a t e d  on  t h e  s o u t h  s i d e  o f  t h e  l o c h  
( s e e  Map 2 ) .
B i r d s
To g e t  a  p r e c i s e  e s t i m a t e  o f  t h e  b i r d  p o p u l a t i o n  i n  t h i s  
l o c h  i s  r e l a t i v e l y  d i f f i c u l t .  However  t h e  b i r d  n u m b e rs  were  
e s t i m a t e d  on  e v e r y  v i s i t  a n d  o b s e r v a t i o n s  w e re  made f r o m  t h e  
r e g u l a r  p o i n t s  a l o n g  t h e  s h o r e ,  i n c l u d i n g  S t a t i o n  B ( s e e  
Map 2 ) .  A p a i r  o f  C h i n o n  c o u n t r y m a n  b i n o c u l a r s  w h i c h  
m a g n i f i e d  50  t i m e s  w e r e  u s e d  t o  i d e n t i f y  t h e  b i r d  s p e c i e s .
The s p e c i e s  w e re  t h e n  c l a s s i f i e d  i n t o  t h r e e  m a j o r  f a m i l i e s  
f o u n d  i n  t h e  l o c h ,  n o t a b l y  A n a t i d a e  ( t h e  d u c k  f a m i l y ) ,
R a l l i d a e  ( t h e  c o o t  f a m i l y )  an d  L a r i d a e  ( t h e  g u l l  f a m i l y ) .
The d u c k  d r o p p i n g s  w e r e  n o r m a l l y  c o l l e c t e d  n e a r  t h e  
n e s t s ,  a m o n g s t  t h e  b u s h e s .  As g u l l s  do n o t  r o o s t  on  t h e  s h o r e  
a t  K i l c o n q u h a r  a n d  t h e y  d e f a e c a t e  i n  t h e  w a t e r ,  d r o p p i n g s  
had  t o  b e  c o l l e c t e d  f r o m  t h e  h a r b o u r  a t  B l i e ,  o n e  km away.
I t  i s  a s s u m e d  t h a t  t h e s e  d r o p p i n g s  a r e  q u a l i t a t i v e l y  s i m i l a r  
t o  t h o s e  d r o p p i n g s  i n  t h e  l o c h  i t s e l f .
W a t e r  a n a l y s i s
The w a t e r  s a m p l e s  f r o m  t h e  i n f l o w ,  t h e  o p e n  l o c h
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( s t a t i o n  A and  S t a t i o n  B) a n d  t h e  o u t f l o w ,  were  f i l t e r e d  
t h r o u g h  a  0 . 4 5  urn membrane f i l t e r .  The f i l t r a t e  was  t h e n  
a n a l y s e d  f o r  d i s s o l v e d  s i l i c a  ( S i O ^ - S i ) ,  s o l u b l e  n i t r a t e -  
n i t r o g e n  (NO^-N) an d  s o l u b l e  r e a c t i v e  p h o s p h a t e  ( P O ^ - P ) .
The m e th o d s  u s e d  f o r  t h e s e  n u t r i e n t  a n a l y s e s  w e re  d e s c r i b e d  
p r e v i o u s l y  i n  C h a p t e r  1 .  The t o t a l  p h o s p h a t e  a n d  t h e  t o t a l  
k j e l d a h l  n i t r o g e n  c o n c e n t r a t i o n s  w e r e  a n a l y s e d  f r o m  t h e  u n ­
f i l t e r e d  w a t e r  s a m p l e s ,  a n d  t h e  a n a l y t i c a l  m e th o d s  h a v e  a l s o  
b e e n  d e s c r i b e d  p r e v i o u s l y .
The m e th o d s  f o r  e s t i m a t i n g  p h y t o p l a n k t o n i c  c h l o r o p h y l l  a ,  
su b m erg ed  m a c r o p h y t e s  ( c h l o r o p h y l l  a )  a n d  s e d i m e n t a r y  
c h l o r o p h y l l  have  a l s o  b e e n  e x t e n s i v e l y  d e s c r i b e d  i n  t h e  p r e ­
v i o u s  c h a p t e r .  B a s i c a l l y ,  c o l d  a c e t o n e  was u s e d  t o  d i s s o l v e  
t h e  c h l o r o p h y l l  f r o m  t h e  v a r i o u s  k i n d s  o f  p l a n t  m a t e r i a l  an d  
t h e  c h l o r o p h y l l  d e n s i t i e s  w e re  r e a d  s p e c t r o p h o t o m e t r i c a l l y  a t  
c e r t a i n  w a v e l e n g t h s .
L a b o r a t o r y  e x p e r i m e n t s  
E x p e r i m e n t  1 ;
B i r d  d r o p p i n g s :  one g r a m  o f  f r e s h  d u c k  d r o p p i n g  an d  a l s o
one g ram  o f  f r e s h  g u l l  d r o p p i n g  w e re  e a c h  p l a c e d  i n  s e p a r a t e  
50 ml k j e l d a h l  f l a s k s .  To e a c h  s a m p l e  was a d d e d  5 ml o f  
n i t r o g e n  f r e e  s u l p h u r i c  a c i d  and  e a c h  s a m p le  was g e n t l y  
h e a t e d  on t h e  m a n t l e .  When t h e  d r o p p i n g  c h a r r e d ,  a  s p e c i a l  
k j e l d a h l  c a t a l y s t  t a b l e t  was d r o p p e d  i n t o  t h e  f l a s k .  I t  
was f u r t h e r  h e a t e d  u n t i l  w h i t e  fum es  e v o l v e d  a n d  a  c l e a r  
s o l u t i o n  was o b t a i n e d .  The  s o l u t i o n  was t h e n  n e u t r a l i z e d  
w i t h  s o d iu m  h y d r o x i d e  and  s u b s e q u e n t l y  t r a n s f e r r e d  t o  a  
50  ml v o l u m e t r i c  f l a s k  t o  w h i c h  d i s t i l l e d  w a t e r  was a d d e d
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u n t i l  t h e  v o lu m e  b ecam e  50 m l .  The e x p e r i m e n t  w i t h  e a c h  
t y p e  o f  b i r d  d r o p p i n g  was r e p l i c a t e d  f i v e  t i m e s .  T h i s  
method i s  a l m o s t  t h e  same a s  t h e  s e d i m e n t  d i g e s t i o n  w h i c h  was 
b a s e d  on S l a t e r  a n d  Boag ( 1 9 7 8 ) .
T e n  ml o f  t h e  s u b s a m p l e  was u s e d  t o  a n a l y s e  t o t a l  
p h o s p h a t e  w h i c h  was  b a s e d  on  Harwood (1 9 7 0 )  an d  a b o u t  5 ml 
o f  t h e  c l e a r  s o l u t i o n  was a n a l y s e d  d i r e c t l y  f o r  t o t a l  k j e l d a h l  
n i t r o g e n  i n  t h e  s p e c t r o p h o t o m e t e r  u s i n g  220 nm (u v )  u l t r a  
v i o l e t  l i g h t .
E x p e r i m e n t  2 ;
To co m pare  t h e  r a t e  o f  s o l u b i l i t y  o f  t h e  d u c k  an d  t h e  
g u l l  d r o p p i n g s ,  one  g ram  o f  e a c h  o f  t h e s e  d r o p p i n g s  w e re  
a n a l y s e d  f o r  t h e i r  s o l u b l e  p h o s p h a t e  c o n c e n t r a t i o n s .  E a c h  
s am p le  was p l a c e d  i n  a  5 0 0  ml f l a s k  and  t h e n  250 ml o f  d i s ­
t i l l e d  w a t e r  was  a d d e d .  S a m p l e s  were  v i r o g o u s l y  s h a k e n  and  
t h e  i n i t i a l  r e a d i n g s  f o r  s o l u b l e  p h o s p h a t e  c o n c e n t r a t i o n s  
w ere  t a k e n  a f t e r  one  h o u r ,  b u t  t h e  o t h e r  r e a d i n g s  w e re  t a k e n  
a t  two h o u r  i n t e r v a l s  o v e r  a  p e r i o d  o f  e i g h t  h o u r s .  The  
e x p e r i m e n t  w i t h  e a c h  d r o p p i n g  was r e p l i c a t e d  t h r e e  t i m e s .
E x p e r i m e n t  3 :
To o b s e r v e  t h e  e f f e c t  o f  l o c h  s e d i m e n t  a n d  d u c k  d r o p p i n g  
on t h e  c h e m i s t r y  o f  t h e  l o c h  w a t e r ,  a n ' e x p e r i m e n t  was  c o n ­
d u c t e d  i n  a  w a t e r  b a t h  a t  c o n t r o l l e d  t e m p e r a t u r e  o f  15°G.
L o c h  K i l c o n q u h a r  w a t e r  c o l l e c t e d  on 2 9 t h  J a n u a r y  1980 was  
u s e d ,  w h e re  t h e  v a l u e s  o f  s o l u b l e  p h o s p h a t e ,  s o l u b l e  n i t r a t e  
and  d i s s o l v e d  s i l i c a  c o n c e n t r a t i o n s  w e re  known. W i t h  t h i s  
w a t e r  a s  a  s t a n d a r d ,  o n e  gm o f  f r e s h  s e d i m e n t  a n d  one gm o f
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f r e s h  d u c k  d r o p p i n g  w ere  u s e d  t o  e s t i m a t e  t h e  a b s o r p t i v e  
p r o p e r t i e s  o f  t h e s e  s u b s t a n c e s .
The m e a s u r e d  am o u n ts  o f  s e d i m e n t  and  d u c k  d r o p p i n g s  w e re  
p l a c e d  I n  a  75  ml t e s t  t u b e  and  50  ml o f  l o c h  w a t e r  was  t h e n  
a d d e d  an d  t h r e e  r e p l i c a t e  s a m p l e s  w e r e  r u n .  The e x p e r i m e n t  
was r u n  f o r  t h r e e  d a y s  a n d  e a c h  d a y  s u b s a m p l e s  w e re  t a k e n  
f o r  a n a l y s i s  o f  s o l u b l e  p h o s p h a t e ,  s o l u b l e  n i t r a t e  a n d  
d i s s o l v e d  s i l i c a  c o n c e n t r a t i o n s .  A f t e r  e a c h  a n a l y s i s ,  l o c h  
w a t e r  was  a d d e d  t o  t h e  t e s t  t u b e s  s o  t h a t  t h e  v o lu m e  a l w a y s  
r e m a i n e d  50 ml.  O n ly  o n e - f i f t h  o f  t h e  a c t u a l  vo lum e  was 
u s e d  f o r  e a c h  a n a l y s i s .
E x p e r i m e n t  4 :
D e c a y i n g  su b m erg ed  m a c r o p h y t e s  a n d  a l g a l  b l o o m s  c a n  r e s u l t  
i n  an  i n c r e a s e  o f  n u t r i e n t s ,  p a r t i c u l a r l y  p h o s p h a t e ,  i n  t h e  
w a t e r .  Two s p e c i e s  o f  s u b m e r g e d  m a c r o p h y t e s  f o u n d  a b u n d a n t l y  
i n  Loch  K i l c o n q u h a r ,  n a m e ly  M y r i o p h v l l u m  s p i c a t u m  and  C l a d o p h o r a  
f r a c t a , w e re  u s e d .
E x p e r i m e n t  4 a :
One g ram  o f  f r e s h  M y r i o p h y H u m  s p i c a t u m  a n d  C l a d o p h o r a
f r a c t a  w e re  e a c h  p l a c e d  i n  s e p a r a t e  500 ml f l a s k s .  To t h e
f l a s k  was  t h e n  a d d e d  2 5 0  ml o f  d i s t i l l e d  w a t e r  a n d  i t s  m outh
was  p l u g g e d  w i t h  c o t t o n w o o l .  S u b s e q u e n t l y  t h e  f l a s k  was
c o v e r e d  w i t h  a l u m i n i u m  f o i l  t o  a v o i d  p h o t o s y n t h e s i s  an d  was
t h e n  p l a c e d  i n  a  w a t e r  b a t h  a t  a  c o n t r o l l e d  t e m p e r a t u r e  o f
1 5°G. E a c h  w eek ,  f o r  s e v e n  w e e k s ,  a  s u b s a m p l e  o f  t h e  w a t e r
was  a n a l y s e d  f o r  s o l u b l e  p h o s p h a t e  an d  s o l u b l e  n i t r a t e .  To
was
e n s u r e  t h e  v o l u m e / a l w a y s  a t  2 5 0  m l ,  d i s t i l l e d  w a t e r  was
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a d d e d  t o  t h e  f l a s k s  a f t e r  e a c h  a n a l y s i s .  F o u r  r e p l i c a t e d  
f l a s k s  f o r  e a c h  s p e c i e s  w e re  u s e d .
E x p e r i m e n t  4 b ;
One l i t r e  o f  w a t e r  t a k e n  f r o m  t h e  o u t f l o w  on 2 6 t h  J u n e ,  
1980  w h ic h  c o n t a i n e d  c o n c e n t r a t e d  p h y t o p l a n k t o n  c r o p  m a i n l y  o f  
A p h a n izo m e n o n  ( 2 1 0 . 8 5  c h i  a  mg m” ^) was u s e d  t o  o b s e r v e  t h e  
n u t r i e n t  r e l e a s e  f r o m  a  common p h y t o p l a n k t o n  s p e c i e s .  The 
i n i t i a l  n u t r i e n t  c o n c e n t r a t i o n s  o f  t h e  w a t e r  w e re  m e a s u r e d  
and  t h e  n a t u r a l  w a t e r  s a m p l e  was p l a c e d  i n  a  two l i t r e  f l a s k  
c o v e r e d  w i t h  a l u m i n i u m  f o i l .  S u b s e q u e n t l y  t h e  f l a s k  was 
p l a c e d  i n  a  w a t e r  b a t h  a t  a  c o n s t a n t  t e m p e r a t u r e  o f  15^0  
a n d  k e p t  f o r  two w e e k s .
A f t e r  a  f o r t n i g h t ,  t h e  m a s s i v e  b lo o m  h a d  s e d i m e n t e d  t o  
t h e  b o t t o m  and  t h e  w a t e r  was  s i p h o n e d  t o  a n a l y s e  t h e  f i n a l  
s o l u b l e  p h o s p h a t e  and  s o l u b l e  n i t r a t e  c o n c e n t r a t i o n s .
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2 .  2)  RESULTS
The mean n u t r i e n t  c o n c e n t r a t i o n  f r o m  t h e  i n t e g r a t e d  
s a m p l e s  a t  S t a t i o n  A and  S t a t i o n  B i s  shown i n  T a b l e  2 :1  
and  g r a p h i c a l l y  i n  F i g u r e  2 : 1 .  I t  s h o u l d  b e  n o t e d  t h a t  t h e  
i n t e g r a t e d  s a m p l e  ( x ) r e p r e s e n t s  a t  l e a s t  f i v e  s a m p l e s  
( n  = 5 ) ,  on  e a c h  s a m p l i n g  o c c a s i o n .  The d i s s o l v e d  s i l i c a  
c o n c e n t r a t i o n  w as  g e n e r a l l y  h i g h  i n  summer and  au tu m n ,  b u t  
e x t r e m e l y  lo w  i n  w i n t e r  an d  s p r i n g .  I n  l a t e  J u l y  1980 ,  
t h e  s o l u b l e  n i t r a t e  c o n c e n t r a t i o n  r e a c h e d  a  maximum o f  
2 . 2 4  m g / l  t h e  f i g u r e  a l s o  shows t h a t  i t  was
c o n s i s t e n t l y  h i g h  t h r o u g h o u t  t h e  y e a r .  A s h a r p  r i s e  i n  
s o l u b l e  p h o s p h a t e  c o n c e n t r a t i o n  t o  a  maximum v a l u e  o f  0 . 6 4 1  
m g / l  [ p o ^ - l Q  was o b s e r v e d  i n  l a t e  J u n e  I 9 8 O; h o w e v e r  t h e  
c o n c e n t r a t i o n s  w e r e  g e n e r a l l y  low  a f t e r  S e p t e m b e r  1 9 8 0 .
F i g u r e  2 : 2  shows a  p o s s i b l e  c o r r e l a t i o n  b e t w e e n  t h e  c o n ­
c e n t r a t i o n s  o f  s o l u b l e  p h o s p h a t e  a n d  s o l u b l e  n i t r a t e  i n  L o c h  
K i l c o n q u h a r .  The  r e a d i n g s  w e r e  d e r i v e d  f r o m  23 i n t e g r a t e d  
s o l u b l e  p h o s p h a t e  [ P O ^ - P ]  an d  s o l u b l e  n i t r a t e  s a m p l e s .  O n ly  
2 4 %  ( 1 0 0  X  r % )  o f  t h e  v a r i a t i o n  i n  t h e  v a l u e s  o f  t h e  v a r i a b l e  
y  (NO^-N c o n s . )  may b e  a c c o u n t e d  f o r  i n  t h e  l i n e a r  r e l a t i o n ­
s h i p  w i t h  X  (P O ^ -P  c o n s , ) .
P r o d u c t  i v i t y
The o v e r a l l  i n t e g r a t e d  p r o d u c t i v i t y  i s  diown i n  T a b l e  
2 : 2 ,  I t  s h o u l d  b e  n o t e d  t h a t  t h e  i n t e g r a t e d  p r o d u c t i v i t y  
( = mean v a l u e )  r e p r e s e n t s  a t  l e a s t  t h r e e  s a m p l e s  ( n  = 3)
a n d  t h e  v a l u e s  a r e  on a  r e a l  b a s i s .  F i g u r e  2 : 3  shows t h a t  i
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T a b l e  2:1
The i n t e g r a t e d  n u t r i e n t s  s a m p l e s  f o r  L o c h  K i l c o n q u h a r ,  
f r o m  11 M arch  1980 t o  10 M arch  1 9 8 1 .  R e s u l t s  a r e  mean
o f  f i v e  s a m p l e s  + 95% CL ( n  = 5 ) .
D a te 8 1 0 g - 8 im§ 1 -
NO_-N_ 
mg 1
PO, P 
1
11 March 1980 0 . 0 6 6 + 0 . 0 2 3 1 . 4 0 0 + 0 . 0 3 8 0 . 1 7 2 +0 . 0 0 9
13 A p r i l 1980 0 . 2 3 0 + 0 . 0 8 4 1 . 6 0 2 +0 . 3 7 4 0 . 0 9 9 +0 . 0 1 8
17 A p r i l 1980 0 . 1 0 4 + 0 . 0 7 5 1 . 3 8 4 + 0 . 0 2 5 0 . 2 5 2 +0 . 0 1 9
1 May 1980 0 . 6 8 6 + 0 , 2 2 0 1 . 4 5 2+ 0 . 0 4 6 0 . 2 5 2 +0 . 0 4 3
15 May 1980 1 . 5 4 5 + 0 . 3 6 1 1 . 9 3 8 + 0 . 3 7 4 0 . 1 7 6 +0 . 0 1 1
29 May 1980 1 . 9 1 5 + 0 . 5 8 4 1 . 5 6 5 +0 . 1 1 0 0 . 1 2 4 +0 . 0 4 9
17 J u n e 1980 2 . 7 2 0 + 0 . 0 1 1 1 . 6 0 0 +0 . 0 1 2 0 . 1 8 0 + 0 . 0 0 2
26 J u n e 1980 0 . 9 1 6 + 0 . 0 4 4 1 . 8 7 0 +0 . 1 3 1 0 , 6 4 0 + 0 . 1 0 8
8 J u l y I 9 6 0 3 . 2 4 0 +0 . 0 2 5 1 . 9 1 3 +0 , 0 5 7 0 . 4 6 8 + 0 , 0 4 6
23 J u l y 1980 2 . 9 0 4 +0 . 2 6 2 2 . 2 3 6 + 0 . 0 8 6 0 . 1 7 7 +0 . 0 3 7
13 Aug. 1980 3 . 6 6 3 + 0 . 0 8 7 2 . 0 1 0 + 0 . 1 8 5 0 . 1 9 8 +0 . 0 7 1
26 Aug. 1980 2 . 7 9 3 + 0 . 5 4 3 1 . 4 0 8 +0 . 0 5 0 0 . 1 4 2 +0 . 0 4 1
3 S e p t . 1980 2 . 8 0 2 + 0 . 0 3 1 1 . 5 6 2 +0 . 2 7 3 0 . 0 6 2 +0 . 0 3 7
13 O c t . 1980 3 . 6 5 4 + 0 . 0 6 9 1 . 5 6 6 +0 . 0 4 6 0 . 0 4 1 +0 . 0 0 9
22 O c t . 1980 3 . 3 2 8 + 0 . 0 4 9 1 . 3 9 8 +0 . 0 2 5 0 . 0 2 4 + 0 . 0 0 3
5 Nov. 1980 0 . 2 2 8 4 0 . 0 1 4 1 , 4 8 2 + 0 . 0 5 9 0 . 0 2 2 + 0 . 0 0 2
18 Nov. 1980 0 . 1 2 0 + 0 . 0 0 1 1 . 2 5 0 +0 . 0 0 1 0 . 0 7 4 +0 . 0 0 1
3 D ec . 1980 1 . 3 2 2 +0 . 0 7 3 1 . 3 7 0 +0 . 2 1 7 0 . 0 1 9 +0 . 0 0 7
17 D e c . 1980 0 . 1 5 4 +0 . 0 0 1 1 . 6 0 7 +0 . 0 0 1 0 . 0 4 9 + 0 . 0 0 8
14  J a n . 1981 0 . 2 3 8 +0 . 0 0 5 1 . 4 7 0 +0 . 0 1 6 0 . 0 4 2 +0 . 0 0 7
30 J a n . 198(1 1 , 7 8 4 + 0 . 0 2 3 1 . 1 6 4 + 0 . 0 3 2 0 . 0 1 5 +0 . 0 0 1
18 F e b . 1981 1 . 2 0 0 +0 . 0 0 9 1 . 1 0 0 +0 . 0 0 9 0 . 0 0 4 +0 . 0 0 1
10 M arch  1981 1 . 7 6 4 +0 . 0 5 0 1 . 0 3 6 +0 . 0 2 9 0 . 0 0 7 +0 . 0 0 2
FIGURE 2 :1  
( o p p o s i t e )
The i n t e g r a t e d  ( S i O g - G i ) ,  (NO^-N) a n d  
(POj^-P) c o n c e n t r a t i o n s  d e r i v e d  f r o m  T a b l e  
2 : 1 .  R e s u l t s  a r e  mean o f  a t  l e a s t  f i v e  
s a m p l e s  + 95% CL ( n  = 5 ) .
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FIG. 2:1
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T a b l e  2 : 2
The o v e r a l l  i n t e g r a t e d  p r o d u c t i v i t i e s  f o r  L o c h  
K i l c o n q u h a r :  a )  mean p h y t o p l a n k t o n i c  c h l o r o p h y l l  a
+. 93% CL ( n  = 5) ; b )  mean s u b m e r g e d  m a c r o p h y t e s
±  9 5 ^  CL ( n  = 3) ; c )  mean s e d i m e n t a r y  c h l o r o p h y l l
±  95%> CL ( n  = 3) ; f r o m  11 M arch  1980 t o  10 M arch
1 9 8 1 .
D a te P h y t o p l a n k t o n i c  
p r o d u c t i v i t y  
c h l o r o p h y l l  a  mig m~2
S ubm erged  
m a c r o p h y t e  
c h l o r o p h y l l  a  
mg m~^
S e d i m e n t a r y  c h l o r o p h y l l  
mg m*”^
11 March 1980 5 1 . 2 5 +  9 . 3 2 - 7 . 2 6 + 2 . 1 9
2 A p r i l 1980 5 2 . 5 4 +  7 . 1 4 7 . 3 2 + 0 . 7 1
I 17 Apr  i l 1980 3 7 . 1 5 + 1 0 . 5 2 6 3 . 0 0 + 1 9 . 2 5 9 . 3 8 + 0 . 4 5
1 May 1980 1 0 3 . 7 1 + 3 0 . 2 1 40 .0 0 + 2 1  . 0 0 1 3 . 9 6 +2 . 0 4
1 13 May 1980 4 6 1 . 8 4 + 4 7 . 0 2 2 8 . 0 0 + 1 5 . 7 5 5 , 4 8 + 0 . 2 8
; 29 May 1980 1 8 2 . 4 7 + 4 0 . 0 5 2 6 .0 0 +  7 . 8 8 5 . 0 6 +0 . 8 5
17 J u n e 1980 2 6 . 8 4 + 0 0 . 0 1 299 .004102 .38 -
25 J u n e 1980 4 5 . 9 5 + 1 0 . 5 2 1 8 9 . 0 0 + 5 6 . 8 8 7 . 3 8 + 1 . 4 7
; 9 J u l y 1980 5 2 . 1 9 +  7 . 1 6 8 4 5 . 0 0 + 5 2 . 5 0 1 1 . 7 6 +1 . 1 1
23 J u l y 1980 4 0 . 3 2 + 1 0 . 1 2 2 5 5 . 0 0 + 4 4 . 1 8 -
: 13 Aug. 1980 3 9 . 0 7 +  9 . 1 0 8 3 . 0 0 + 1 8 . 1 3 8 . 3 1 + 0 . 8 4
26 Aug. 1980 6 7 . 7 2 + 1 6 . 6 6 1 6 . 0 0 +  5 . 6 7 1 0 . 8 6 + 0 . 5 9
3 S e p t . 1980 6 9 . 0 1 + 1 4 . 3 9 2 1 . 0 0 +  5 . 6 7 9 . 3 9 + 0 . 2 2
13 O c t . 1980 3 0 . 0 4 +  9 . 1 4 3 2 . 0 0 + 1 3 . 6 0 7 . 5 9 +0 . 6 1
22 O d t . 1980 3 4 . 3 3 +  6 . 6 6 1 0 . 0 0 +  5 . 0 0 8 . 5 2 +1 . 7 0
! . 5 Nov. 1980 2 2 . 1 7 +  4 . 1 8 3 . 0 0 +  0 . 5 4 5 . 5 9 + 0 . 9 1
! 18 Nov. 1980 4 . 4 2 +  1 . 0 2 -*• -
6 D ec . 1980 1 2 . 1 7 +  2 . 5 3 - 4 . 6 3 + 1 . 1 3
17 D e c . 1980 5 9 . 6 7 +  0 . 0 2 — —
14 J a n . 1981 8 7 . 7 0 +  8 . 8 0 - -*
30 J a n . 1981 1 0 0 . 8 4 +  2 . 9 2 — 8 . 3 2 +1 . 2 9
18 F e b . 1981 ' 8 8 . 3 4 +  2 i l 4 — —
10 M arch  1981 6 1 . 3 2 +  8 . 6 5 7 . 6 6 +0 , 1 9
FIGURE 2 : 2  
( o p p o s i t e )
A p o s s i b l e  c o r r e l a t i o n  b e t w e e n  i n t e g r a t e d  
(PO^-P)  u p o n  (NO^-N) f o r  L o c h  K i l c o n q u h a r .  
The s t r a i g h t  l i n e  r e p r e s e n t s  r e g r e s s i o n  
e q u a t i o n  ( y  = 1 . 1 3 5  % + 1 . 3 6 4 ;  r  = 0 . 1 5 6 )
7 0 .
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FIGURE 2 : 3  
( o p p o s i t e )
The o v e r a l l  i n t e g r a t e d  p r o d u c t i v i t i e s  f o r  L o c h  
K i l c o n q u h a r  f r o m  11 M a r c h  1980 t o  10 M arch  1 9 8 1 ,  
s h o w i n g  a l s o  1) max. s e d i m e n t a r y  c h l o r o p h y l l  i n  
A p r i l ,  2) max. p h y t o p l a n k t o n i c  c h l o r o p h y l l  a  
(A n a h a e n a  ‘b loom) i n  May an d  3) max. s u b m e r g e d  
m a c r o p h y t e s  i n  l a t e  J u n e .  (m ean  v a l u e s  ±  95% 
CL) .
Phyto. 
Chi a
5 0 0
4 0 0 -
'‘ e  3 ° ° '' O)E 200 -
100 -
oi   f----
Sub.Macrophyte Chi a_
8 0 0 -
6 0 0  -
4 0 0
2 0 0 -
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10
04-
1 9 8 0 1981
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s e d i m e n t a r y  c h l o r o p h y l l  r e a c h e d  a  maximum v a l u e  o f  1 3 . 9 6  ±
2 . 0 4  mg m ^ i n  e a r l y  May 1 9 8 0 ,  f o l l o w e d  b y  p h y t o p l a n k t o n i c
c h l o r o p h y l l  a  w h i c h  c o n s i s t s  m a i n l y  o f  A n a b a e n a  f l o s - a q u a e
_2an d  r e a c h e d  t h e  maximum v a l u e  o f  4 6 1 , 8 4  ±  4 7 . 0 2  mg m c h l o r o ­
p h y l l  a  i n  t h e  m i d d l e  o f  t h e  m o n th .  A f t e r  t h e  p h y t o p l a n k t o n i c  
b l o o m  c o l l p a s e d ,  a  m a s s i v e  g r o w t h  o f  s u b m e r g e d  m a c r o p h y t e s  
w e re  o b s e r v e d  i n  J u l y  1 9 8 0 .
T a b l e  2 : 3  shows t h e  c h a n g e s  i n  c e l l  ( f i l a m e n t ) / m l  f o r  
t h e  d o m i n a n t  p h y t o p l a n k t o n  s p e c i e s  f o u n d  i n  L o c h  K i l c o n q u h a r .
S o u r c e s  o f  n u t r i e n t s
The i n f l o w
T a b l e  2 : 4  shows t h e  mean c o n c e n t r a t i o n s  f r o m  t h e  i n f l o w  
( n  = 2 2 ) ,  t h e  l o c h  ( n  = 2 3 ) a n d  t h e  o u t f l o w  ( n  = 2 2 ) ,  w h i l e  
n  r e p r e s e n t s  t h e  nu m b er  o f  s a m p l i n g  o c c a s i o n s  f r o m  11 M arch  
1980 t o  10 M arch  1 9 8 1 .
F i g u r e  2 : 4 a  shows t h a t  t h e  mean s o l u b l e  p h œ  p h a t e  c o n ­
c e n t r a t i o n  o v e r  one  y e a r  i n  t h e  l o c h  i s  a b o u t  7 t i m e s  h i g h e r  
t h a n  t h e  i n f l o w .  H o w e v e r ,  t h e  v a l u e  f o r  t h e  o u t f l o w  i s  
s l i g h t l y  l o w e r  t h a n  t h e  l o c h  w a t e r .  On t h e  o t h e r  h a n d ,  t h e  
s o l u b l e  n i t r a t e  c o n c e n t r a t i o n  o v e r  t h e  same p e r i o d  i s  a b o u t  
3 t i m e s  h i g h e r  i n  t h e  i n f l o w  t h a n  t h e  l o c h  w a t e r .  The 
c o n c e n t r a t i o n  o f  t h i s  n u t r i e n t  i n  t h e  o u t f l o w * i s  a l s o  h i g h e r  
t h a n  t h e  l o c h  w a t e r .
The c h a n g e s  i n  n u t r i e n t  c o n c e n t r a t i o n s  i n  t h e  i n f l o w  
a r e  shown i n  F i g u r e  2 : 5 a  a n d  2 : 5 b .  The s o l u b l e  p h o s p h a t e  
c o n c e n t r a t i o n s  w e re  r e l a t i v e l y  low  i n  s p r i n g  a n d  summer,  b u t  
t h e  c o n c e n t r a t i o n s  w e r e  m o d e r a t e l y  h i g h  i n  w i n t e r ,  w h e r e a s  
t h e  t o t a l  p h o s p h a t e  c o n c e n t r a t i o n s  w e re  g e n e r a l l y  h i g h  i n
>) 7 3 .
T a b l e  2 : 3
The e s t i m a t i o n  o f  d o m i n a n t  p h y t o p l a n k t o n  s p e c i e s  
i n  L o c h  K i l c o n q u h a r ,  f r o m  1 1 / 3 / 8 0  t o  1 0 / 3 / 8 1 .
D a t e
1 1 / 3 / 8 0
2 / 4 / 8 0
1 7 / 4 / 8 0
1 / 5 / 8 0
1 5 / 5 / 8 0
2 9 / 5 / 8 0
11/ 6 /8 0  
26/ 6 /8 0  
9 / 7 / 8 0  
2 3 / 7 / 8 0  
13/ 8 /8 0  
26/ 8 /8 0  
3 / 9 / 8 0  
13/ 1 0 /8 0  
22/ 10 /8 0  
5/ 11/80  
18/ 1 1 /8 0  
3 / 1 2 / 8 0  
17/ 12 /8 0  
1 4 / 1 / 8 1
S p e c i e s
S t e p h a n o d i s c u s  s p  
S c e n e d e s m u s  s p
S t e p h a n o d  i s  e u s  s p  
P h y t o c o n i s  s p
S t e p h a n o d i s c u s  s p  
A c t i n a s t r u m  s p
A n a b a e n a  f l o s - a q u a e  
S c e n e d e s m u s  s p
A n a b a e n a  f l o s - a q u a e  
A n k i s d e s m u s  s p
A n a b a e n a  f l o s - a q u a e  
A n k i s d e s m u s  s p
S c e n e d e s m u s  s p
A p h a n iz o m e n o n  s p  
A n k i s d e s m u s  s p
A p h a n izo m e n o n  s p  A n k i s d e s m u s  s p
S y n e d r a  s p  S c e n e d e s m u s  s p
A p h a n iz o m e n o n  s p  
Gomphonema sp
A p h a n iz o m e n o n  s p  
Gomphonema s p
A p h a n izo m e n o n  s p  Gomphonema s p
A p h a n iz o m e n o n  s p  A n k i s d e s m u s  s p
Gomphonema s p  
N a v i c u l a  s p
S y n e d r a  s p  
N a v i c u l a  s p
S y n e d r a  s p  • 
S c e n e d e s m u s  s p
S c e n e d e s m u s  s p  
S t e p h a n o d i s c u s  sp
S t e p h a n o d i s c u s  sp  
S c e n e d e s m u s  sp
S t e p h a n o d i s c u s  s p  
N a v i c u l a  s p
c e l l  ( f i l a m e n t ) / m l
15,000
500
3,0002 ,5 0 0
5,000
300
30,000
100
9 0 0 , 0 0 0
5,000
5 0 0 ,0 0 0
2,000
2 , 5 0 0500
7,000
1,000
1 ,000 500
500
100
30,000
1,000
5 0 , 0 0 0
100
150,000
200
5,000
200
50 0
100
300
200
25 0
150
300
100
1 ,5 0 0
1 , 0 0 0
20,000
500
H 7 4 .
T a b l e  2 : 3  c o n t d .
D a t e  S p e c i e s  c e l l  ( f i l a m e n t ) / m l
30 / 1 /8 1  3 t e p h a n o  d i s  e u s  s p  3 0 , 0 0 0
N a v i c u l a  s p  1 , 5 0 0
18/ 2 / 8 1  S t e p h a n o d i s c u s  s p  1 5 , 0 0 0
A n k i s d i s m û s  s p  3 , 0 0 0
11/ 3 / 8 1  S t e p h a n o d i s c u s  s p  1 0 , 0 0 0
N a v i c u l a  s p  7 , 0 0 0
7 5 .
T a b l e  2 : 4
Mean n u t r i e n t  c o n c e n t r a t i o n s  (mg 1 ) + 95^  CL f r o m  
t h e  i n f l o w ,  t h e  l o c h  a n d  t h e  o u t f l o w  o v e r  a  one y e a r  
p e r i o d ,  f r o m  11 M arch  1980 t o  10 M arch  1 9 8 1 .
S a m p le
(n )
S i O g - G i NO^-N3 PO ^-P
I n f l o w 22 2 . 0 1 + 0 . 4 6 5 . 2 3 + 0 , 3 8 0 . 0 2 0 + 0 . 0 0 4
L o ch 23 1 . 6 2 + 0 . 0 5 1 . 5 2 + 0 . 0 5 0 . 1 4 0 + 0 , 0 0 8
O u t f l o w 22 1 . 6 8 + 0 , 3 9 1 . 7 9 + 0 , 2 0 0 , 1 3 0 + 0 , 0 0 4
PIQUEE 2 : 4  
( o p p o s i t e )
The mean c o n c e n t r a t i o n s  o f  (P O ^-P)  an d  (NO^-N) 
f r o m  i n f l o w ,  l a k e  and o u t f l o w ,  o v e r  a  p e r i o d  
o f  one  y e a r  f r o m  11 M arch  1980 t o  10 M arch  1 9 8 I .
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FIGURE 2 : 5  
( o p p o s i t e )
a )  The t o t a l  p h o s p h a t e  an d  t h e  s o l u b l e  r e a c t i v e  
p h o s p h a t e  c o n c e n t r a t i o n s ;  b )  t h e  n i t r a t e -  
n i t r o g e n  c o n c e n t r a t i o n  o f  t h e  i n f l o w  f r o m  
11 M arch  1980 t o  10 M a r c h  1 9 8 1 .
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summer b u t  lo w  i n  w i n t e r .
The s o l u b l e  n i t r a t e  c o n c e n t r a t i o n s  w e re  e x t r e m e l y  h i g h  
i n  t h e  i n f l o w  a n d  r e a c h e d  a  maximum o f  6 . 6 5  m g / l  i n
J a n u a r y  1981 .  ( F i g u r e  2 : 5 b ) . H ow ever ,  t h e  c o n c e n t r a t i o n s
w e r e  f a i r l y  low  i n  summer an d  d r o p p e d  t o  a  minimum v a l u e  o f  
3 . 1 0  m g / l  [N0^~n]  i n  t h e  m i d d l e  o f  May 1 9 8 0 .
B i r d s
From t h e  e s t i m a t i o n  o f  b i r d  p o p u l a t i o n  i n  L o ch  K i l c o n ­
q u h a r ,  T a b l e  2 : 5 ,  i t  i s  a p p a r e n t  t h a t  t h e  o v e r a l l  b i r d  p o p u ­
l a t i o n  was  h i g h  i n  w i n t e r  a n d  t h i s  was  m a i n l y  d u e  t o  t h e  l a r g e  
p o p u l a t i o n  o f  m i g r a t o r y  d u c k .  Common an d  h e r r i n g  g u l l s  
a r e  f o u n d  a l l  t h e  y e a r  r o u n d  a n d  c o o t s  a r e  n o r m a l l y  a b u n d a n t  
i n  s p r i n g .
L a b o r a t o r y  e x p e r i m e n t s  
E x p e r i m e n t  1 :
One g ra m  o f  f r e s h  d u c k  d r o p p i n g  h a s  a  mean c o n t e n t  o f  
417 0  +. 3 5 0  mg o f  t o t a l  p h o s p h a t e  an d  3610 + 675 mg o f  t o t a l  
k j e l d a h l  n i t r o g e n .  By c o n t r a s t  one  g ram o f  g u l l  d r o p p i n g  
h a s  a  mean c o n t e n t  o f  5 0 7 2  + 748  mg o f  t o t a l  p h o s p h a t e  and  
2 6 3 4  ±  829 mg o f  t o t a l  k j e l d a h l  n i t r o g e n  ( T a b l e  2 : 6  a n d  
F i g u r e  2 : 6 )  .
E x p e r i m e n t  2 ;
I n  e x p e r i m e n t  2 ,  d r o p p i n g s  w e re  v i g o r o u s l y  s h a k e n  i n  
d i s t i l l e d  w a t e r  f o r  7 h o u r s  an d  s a m p l e d  a f t e r  1 h o u r ,  t h e n  
2 - h o u r l y .  R e s u l t s  f o r  [ p o ^ - p ]  a r e  shown i n  F i g u r e  2 : 7 ,  
w h i l e  T a b l e  2 : 7  a l s o  g i v e s  c o n d u c t i v i t y .
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FIGURE 2 : 6  
( o p p o s i t e )
The c o n c e n t r a t i o n s  o f  t o t a l  p h o s p h a t e  and  
t o t a l  k j e l d a h l  n i t r o g e n  f r o m  f r e s h  d u c k  a n d  
g u l l  d r o p p i n g s .  ( ( e r r o r  b a r )  = 95% C L ) .
8 1 .
FIG. 2 : 6
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T a b l e  2 : 7
The s o l u b i l i t y  o f  i n  m g / l  f r o m  1 gm f r e s h
d u c k  and  g u l l  d r o p p i n g s  a f t e r  v i g o r o u s l y  s h a k e n  i n  
2 5 0  ml o f  d i s t i l l e d  w a t e r .  R e a d i n g s  w e re  t a k e n  
e v e r y  2 h o u r s  (Mean: n  ~ h  ±  95% C L ) .
Time 
h r  s .
S p e c i e s PO^~P C o n d u c t i v i t y  
mg 1 umhos
1 d u c k 0 . 4 5 8  ±  0 . 0 1 8
g u l l 1 . 3 8 5  ±  0 . 4 8 5
3 d u c k 0 . 5 9 3  ±  0 . 1 2 0  2 1 0  + 9 . 8
g u l l 1 . 8 7 5  + 0 . 7 4 7  3 2 0  ± 2 3 . 5
5 d u c k 0 . 8 7 0  + 0 . 1 0 3
g u l l 2 . 6 2 0  + 0 . 7 7 4
7 d u c k 0 . 6 1 3  ±  0 . 0 5 0
g u l l 2 . 6 3 0  + 0 . 6 7 1
FIGURE 2 : 7  
( o p p o s i t e )
The s o l u b i l i t y  o f  1 g  o f  f r e s h  g u l l  a n d  d u c k  
d r o p p i n g s  i n  2 5 0  ml o f  d i s t i l l e d  w a t e r  a f t e r  
v i g o r o u s l y  s h a k e n  f o r  7 h o u r s .
8 .^
FIG.  2: 7
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E x p e r i m e n t  5 :
F i g u r e  2 : 8  and  T a t l e  2 : 8  p r e s e n t  r e s u l t s  o f  e x p e r i m e n t  3 f  
e a c h  c o m p ared  t h e  e f f e c t  o f  s e d i m e n t  a n d  d u c k  d r o p p i n g  on 
£*P0^~P] , and  j s i O g - S i ]  o f  l o c h  w a t e r .  Over  4  d a y s ,
l a k e  s e d i m e n t  a t  s o r t e d  £P0^*-P^ t u t  d i d  nob a p p e a r  t o  a f f e c t
and  [ s iO ^ -S iQ  . O v e r  t h e  same p e r i o d ,  d u c k  d r o p p i n g
i n c r e a s e d  c o n c e n t r a t i o n  o f  a l l  t h r e e  n u t r i e n t s ,  p a r t i c u l a r l y
E x p e r i m e n t  4 a :
I n  e x p e r i m e n t  4 a  d e c a y i n g  s u b m e r g e d  m a c r o p h y t e s  a r e
a l s o  shown t o  r e l e a s e  s u b s t a n t i a l  a m o u n ts  o f  s o l u b l e  p h o s p h a t e
i n t o  t h e  w a t e r  ( F i g u r e  2 : 9 ) .  T h i s  f i g u r e  shows t h a t  1 gm 
o f  C l a d o p h o r a  p r o d u c e d  more s o l u b l e  p h o s p h a t e  t h a n  1 gm o f  
M y r i o p h y l l u m  and  t h a t  a f t e r  5 w eeks  maximum r e l e a s e  was 
o b s e r v e d  f r o m  b o t h  t h e s e  m a c r o p h y t e s  a t  t h e  c o n t r o l l e d  t e m p e r ­
a t u r e  o f
E x p e r i m e n t  4 b :
The d e c a y i n g  o f  a n  A p h a n iz o m e n o n  b lo o m  ( 2 1 0 . 8 5  c h i  a  
mg/m^) i n c r e a s e d  t h e  s o l u b l e  p h o s p h a t e  a n d  s o l u b l e  n i t r a t e  
c o n c e n t r a t i o n s  b y  two and  t h r e e  t i m e s  r e s p e c t i v e l y  i n  2 w e e k s ;  
t h e  c o n d u c t i v i t y  i n c r e a s e d  s l i g h t l y  ( T a b l e  2 : 9 ) .  H o w ev e r ,  
t h e r e  i s  a  d r o p  i n  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n  a n d  pH 
v a l u e  i n  t h e  u n s t i r r e d  f l a s k .
FIGURE 2 : 8  
( o p p o s i t e )
The e f f e c t  o f  l o c h  s e d i m e n t  and  d u c k  d r o p p i n g  
on L och  K i l c o n q u h a r  w a t e r  ( 2 9  J a n u a r y I 9 8 O) a t  
5°C.
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T a b l e  2 : 8
The e f f e c t  o f  l o c h  s e d i m e n t  and  d u c k  d r o p p i n g  on L o c h  
K i l c o n q u h a r  w a t e r ;  a )  L o c h  K i l c o n q u h a r  w a t e r  s a m p l e  
d a t e d  29/ 1/ 8 O, b )  one  g ram  o f  f r e s h  L o c h  K i l c o n q u h a r  
s e d i m e n t  was added t o  50  ml L o c h  K i l c o n q u h a r  w a t e r  
29 / 1 / 8 0  and  c)  one  g r a m  o f  f r e s h  d u c k  d r o p p i n g  was 
a d d e d  t o  50 ml o f  L o c h  K i l c o n q u h a r  w a t e r  ( 29/ 1/ 8 O ) .
(Mean;  n  = 3 ±  95^  C L ) .
D a t e Sam ple (PO^P)mg 1 " (NO^-N)mg 1 " ( S i O g - S i )  mg 1 “
29 / 1 / 8 0 a 0 , 0 8 8 + 0 . 0 0 1 1 . 4 5 0 +0 . 0 1 1 0 . 5 8 0 + 0 . 0 2 3
b 0 . 0 8 8 + 0 . 0 0 1 1 . 4 5 0 +0 . 0 1 1 0 , 5 8 0 + 0 . 0 2 3
c 0 . 0 8 8 + 0 . 0 0 1 1 . 4 5 0 +0 . 0 1 1 0 . 5 8 0 + 0 . 0 2 3
30 / 1 / 8 0 a 0 . 0 8 7 + 0 . 0 0 1 1 . 4 4 0 +0 . 0 3 3 0 . 6 0 0 +0 . 0 4 5
b 0 . 0 7 0 +0 . 0 0 3 1 . 4 0 0 +0 . 0 5 7 0 . 6 1 0 +0 . 0 6 7
c 0 . 2 ,9 0 +0 . 0 9 0 1 . 5 0 0 + 0 . 0 8 0 0 . 6 1 3 +0 . 1 1 3
31 / 1 / 8 0 a 0 . 0 7 0 +0 . 0 0 2 1 . 4 2 0 +0 . 0 3 6 0 . 6 4 0 + 0 , 2 2 6
b 0 . 0 2 0 +0 . 0 0 5 1 . 3 6 0 +0 . 0 5 4 0 . 7 0 0 +0 , 1 1 3
c 0 . 3 6 0 + 0 . 0 2 3 1 . 5 2 0 +0 , 1 3 6 0 . 8 0 0 + 0 . 1 1 3
1 / 2 / 8 0 a 0 . 0 6 9 +0 . 0 0 2 1 . 3 0 0 +0 . 0 5 1 0 . 7 6 0 +0 . 2 2 6
b 0 . 0 3 1 + 0 . 0 0 8 1 . 3 1 0 +0 . 1 1 3 0 . 8 8 0 + 0 . 1 1 3
c 0 . 6 0 0 +0 . 0 1 1 1 . 7 0 0 +0 . 2 7 2 1 . 5 0 0 +0 . 1 1 3
FIGURE 2 : 9  
( o p p o s i t e )
The r e l e a s e  o f  log l ”  f r o m  1 gm o f
C l a d o p h o r a  f r a c t a  ( n  = 4) a n d  M .v r io p h v l lu m  
s p i c a t u m  ( n  = 4 ) .  E a c h  p l a n t  was p l a c e d  
i n  100 ml o f  d i s t i l l e d  w a t e r  i n  a  f l a s k  
c o m p l e t e l y  c o v e r e d  w i t h  a l u m i n i u m  f o i l  t o  
p r e v e n t  p h o t o s y n t h e s i s  a t  1 5°C .
FIG. 2:9
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T a b l e  2 : 9
C h a n g e s  o f  n u t r i e n t  c o n c e n t r a t i o n s  a n d  v a r i o u s  o t h e r  
p r o p e r t i e s  o f  a  w a t e r  sam ple  c o n t a i n i n g  a n  A p h a n iz o m e n o n  
b l o o m  a f t e r  i n c u b a t i o n  f o r  1U d a y s  i n  t h e  d a r k  a t  15^Co
D a t e
J u n e  1980
D a t e
8 J u l y  1980
%
i n c r e a s e
mg l “
0 . 6 8 1 . 3 3 + 0 . 6 5 +9 6 /^
[ n Oj - n]  
mg 1~
1 . 8 0 5 . 5 5 + 3 . 7 5 + 2 08#
DO c o n s ,  
mg l "
3 . 6o 1 . 5 0 - 2 . 1 - 58#
pH 7 . 7 5 7 . 4 3 - 0 . 3 2
C o n d u c t i v i t y
umhos
520 560 +40 +8#
8 9 .
2 . 5) DISCUSSION
The h i g h  c o n c e n t r a t i o n s  of* s o l u b l e  p h o s p h a t e  (SRP;
Pü^^-P) and  s o l u b l e  n i t r a t e  (N0^~N) i n d i c a t e  t h a t  L och  
K i l c o n q u h a r  i s  a  n u t r i e n t - r i c h  f r e s h w a t e r  l o e h .  I t  i s  
i n t e r e s t i n g  t o  n o t e  t h a t  t h e  p h o s p h a t e  c o n c e n t r a t i o n  i n  
t h i s  l o c h  i s  e x c e p t i o n a l l y  h i g h  co m p ared  w i t h  o t h e r  f r e s h ­
w a t e r  l o c h s  i n  S c o t l a n d  ( T a b l e  2 : 1 0 ) .
T h e r e  a r e  s e v e r a l  p o s s i b l e  s o u r c e s  o f  t h i s  h i g h  c o n ­
c e n t r a t i o n  o f  w h i c h  t h e  m os t  l i k e l y  a r e  b i r d  d r o p p i n g s  an d  
t o  a  l e s s e r  e x t e n t  d r a i n a g e  f r o m  t h e  a r a b l e  l a n d .
B u r t o n  ( 1 9 7 7 ) ,  L e a h  e t  a l .  ( 1 9 7 8 ) ,  E d i n g t o n  ( 1 9 7 7 ) ,  
N i l s s o n  ( 1 9 7 8 )  and  P e l i k a n  e t  a l .  ( 1 9 7 8 )  have  i n d i c a t e d  t h a t  
b i r d s ,  p a r t i c u l a r l y  w i l d f o w l  an d  g u l l s ,  c a n  p l a y  a  s i g n i f i c a n t  
r o l e  i n  b r i n g i n g  n u t r i e n t s  i n t o  f r e s h w a t e r  l a k e s .  The f a c t  
i s  t h a t  t h e i r  d r o p p i n g s  h a v e  a  f e r t i l i z i n g  e f f e c t  a n d ,  a c c o r d ­
i n g  t o  L e e n t v a a r  ( 1 9 6 6 ) ,  d u c k s ,  g e e s e  an d  o t h e r  w a t e r f o w l  
a r e  n o r m a l l y  r e a r e d  on  P o l i s h  f i s h  p o n d s  i n  o r d e r  t o  g e t  a  
s u f f i c i e n t  s u p p l y  o f  p h o s p h a t e  i n  th e .  w a t e r .  As a  r e s u l t  
t h e  p o n d s ,  c ro w d ed  w i t h  d u c k s  o r  g e e s e ,  a r e  o c c a s i o n a l l y  
g r e e n  i n  c o l o u r  d u e  t o  d e n s e  a l g a l  g r o w t h .
As s t a t e d  p r e v i o u s l y .  L o c h  K i l c o n q u h a r  i s  n o t e d  f o r  
i t s  b i r d  p o p u l a t i o n  and  a  w e l l - k n o w n  b i r d  w a t c h e r ,  G o o d n e r s  
( 1 9 7 U) c o n s i d e r e d  L o c h  K i l c o n q u h a r  a s  a  p a r t i c u l a r l y  g o o d  
l a k e  f o r  o b s e r v i n g  a  w i d e - v a r i e t y  o f  d u c k  s p e c i e s ,  e s p e c i a l l y  
i n  w i n t e r .  P e l i k a n  e t  a l .  ( 1 9 7 8 )  f u r t h e r  a d d e d  t h a t  l a k e s  
i n  w a t e r f o w l  r e s e r v e s  an d  s a n c t u a r i e s  a r e  n o r m a l l y  i n  a  s t a t e  
o f  e u t r o p h i c a t i o n *  t h r o u g h  t h e  e f f e c t  o f  w i l d f o w l  e x c r e m e n t s .
9 0 .
T a b l e  2 : 1 0
The mean s o l u b l e  p h o s p h a t e  (PO^-P)  c o n c e n t r a t i o n s  
f r o m  S c o t t i s h  l o c h s .
No. Loch M e ^  
LPO^-lO mg/1
R e f e r e n c e
1) U p l a n d  S c o t t i s h  l o c h s -£= - 0 . 0 0 6  T o t a l  p h o s p h a t e .
( S o l u b l e  p h o s p h a t e  i s  b e y o n d  t h e  l i m i t  
o f  d e t e c t i o n . )
Moss ( 1 9 8 1 )
2) L o c h  Lomond (B a lm a h a  S t a t i o n ) 0 . 0 0 6 M aulood  a n d  Boney  ( 1 9 8 0 )
1
3) L o ch  E t i v e  ( s e a  l o c h ) 0 . 0 0 7 S o l o r z a n o  ( 1 9 7 8 )
1 h) L o c h  C r e r a n  ( s e a  l o c h ) 0 . 0 1 5 S o l o r z a n o  ( 1 9 7 8 )
5) L o c h  L e v e n 0 .0 2 1 H o l d e n  an d  G a i n e s  ( 1974)
1 6) L och  L i n d o r e s 0 . 0 1 6 I 9 8 I ( t h i s  t h e s i s )
7) L o c h  K i l c o n q u h a r 0.1U1 1981  ( t h i s  t h e s i s )
9 1 .
As i n d i c a t e d  b y  N i l s s o n  ( 1 9 7 8 )  m os t  o f  t h e  e u t r o p h i c a t e d  
l a k e s  i n  S o u t h e r n  Sweden  h a v e  more b i r d  s p e c i e s  t h a n  
o l i g o t r o p h i c  l a k e s  f r o m  t h e  same a r e a .  He a l s o  c o n c l u d e d  
t h a t  t h e r e  i s  a p o s i t i v e  c o r r e l a t i o n  b e t w e e n  b i r d  com m uni ty  
d e n s i t y  and  t o t a l  p h o s p h a t e  c o n c e n t r a t i o n  i n  t h e  w a t e r .  I t  
i s  n o t  s u r p r i s i n g  t h e r e f o r e  t h a t  L o c h  K i l c o n q u h a r  shows s i g n s  
o f  e u t r o p h i c a t i o n .
A l t h o u g h  n a t u r a l  e u t r o p h i c a t i o n  i s  n o r m a l l y  a  s lo w  
p r o c e s s  c om pared  w i t h  c u l t u r a l  e u t r o p h i c a t i o n ,  when a  l a r g e  
q u a n t i t y  o f  d r o p p i n g s  a r e  d e p o s i t e d  i n  a r e l a t i v e l y  s m a l l  
l a k e ,  t h e  r a t e  o f  e u t r o p h i c a t i o n  i s  b o u n d  t o  be  s p e e d e d  up 
and  c a n  a p p a r e n t l y ,  com pare  c l o s e l y  t o  r a t e s  o f  c u l t u r a l  
e u t r o p h i c a t i o n .
The d u c k s  a r e  t h e  m o s t  c h a r a c t e r i s t i c  o f  f r e s h w a t e r  
b i r d s .  G a r d a r s s o n  ( 1 9 7 9 )  o b s e r v e d  t h a t  C l a d o p h o r a  seemed 
t o  b e  t h e  m a j o r  d i e t  o f  d u c k s  i n  L a k e  M y v a tn ,  I c e l a n d ,  a n d  i t  
seemed t h e  d u c k  f a m i l y  i s  n o r m a l l y  a t t r a c t e d  t o  t h e  l a k e  
w h i c h  o f f e r s  v a r i e t i e s  o f  " s o f t ,  t e n d e r  w a t e r  p l a n t s " .  Due 
t o  t h e  h i g h l y  v e g e t a t i v e  d i e t ,  t h e i r  d r o p p i n g s  a r e  " g r a s s y " .
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  P r o c t o r  (1 9 6 2 )  o b s e r v e d  t h a t  
C h a r a  and  N i t e l l a  s u r v i v e d  a  n o r m a l  p a s s a g e  t h r o u g h  t h e  
d i g e s t i v e  t r a c t  o f  m i g r a t o r y  d u c k s  a n d  s u g g e s t e d  t h a t  many 
p l a n t s  a r e  d i s p e r s e d  in* t h i s  m a n n e r .  So i t  i s  o f  i n t e r e s t  
t o  n o t e  t h a t  i n  t h e  p r e s e n t  s t u d y ,  i t  was o b s e r v e d  t h a t  
C l a d o p h o r a  and  Z a n n i c h e I l i a  g re w  f r o m  d u c k  d r o p p i n g s  c o l l e c t e d  
i n  Loch  K i i c o n q u h a r ,  w h i c h  were  l e f t  u n a t t e n d e d  f o r  s e v e r a l  
w eeks  i n  t e s t  t u b e s  f i l l e d  w i t h  w a t e r .
G u l l s  a r e  g e n e r a l l y  a s s o c i a t e d  w i t h  t h e  c o a s t ,  b u t  t h e y  
a r e  a l s o  c h a r a c t e r i s t i c  o f  f r e s h w a t e r  h a b i t a t s  n e a r  t h e  c o a s t .
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U n l i k e  d u c k s ,  t h e y  n o r m a l l y  come t o  a  l o c h  t o  r o o s t  and  a t  
t h e  same t i m e  may p r o v i d e  s u b s t a n t i a l  a m o u n ts  o f  n u t r i e n t s  
t o  t h e  l o c h  e c o s y s t e m  t h r o u g h  t h e i r  f a e c e s .  A c c o r d i n g  t o  
V e rn o n  ( 1 9 7 2 )  common g u l l s  a r e  o m n i v o r o u s ,  t h e i r  fo o d  v a r y i n g  
f r o m  m a r i n e  m o l l u s c s ,  f i s h  s c r a p s  and  e a r t h w o r m s  t o  v e g e t a b l e  
r e m a i n s  on r u b b i s h  t i p s  a n d  c e r e a l  g r a i n .  Prom  t h e  p r e s e n t  
r e s u l t s ,  g u l l  d r o p p i n g s  c o n t a i n  more p h o s p h a t e  t h a n  t h e  
ducks* and  a r e  a l s o  more s o l u b l e  i n  w a t e r .
L e a h  e t  a l ,  ( 1 9 7 8 )  whose  w o rk  d e a l s  m a i n l y  w i t h  t h e  
e f f e c t s  o f  b l a c k  h e a d e d  g u l l s  on  H i c k l i n g  B r o a d ,  N o r f o l k ,  
c l e a r l y  i n d i c a t e d  t h a t  d r o p p i n g s  o f  t h i s  g u l l  c o n t a i n  r e a d i l y  
s o l u b l e  c om bined  p h o s p h a t e  a n d  n i t r a t e .  I n  b o t h  c a s e s ,  
much o f  t h e  s o l u b l e  p h o s p h a t e  an d  n i t r a t e  i s  l i k e l y  t o  b e  
r a p i d l y  l e a c h e d  o u t  i n t o  t h e  l a k e  w a t e r  b e f o r e  t h e  d r o p p i n g  
r e a c h e s  t h e  s e d i m e n t .
The a c c u m u l a t i o n  o f  b i r d  d r o p p i n g s ,  s u b s t a n t i a l  a m o u n ts  
o f  d e c a y i n g  a l g a l  b l o o m s  an d  d e a d  p l a n t  m a t e r i a l  may l e a d  t o  
oxygen  d e f i c i t s  d e v e l o p i n g  a t  s u r f a c e  o f  l o c h  s e d i m e n t s  i n  
summer.  T h i s  t o o  w i l l  f a c i l i t a t e  n u t r i e n t  r e l e a s e  ( M o r t i m e r ,  
1 9 7 1 ) .  A d m i t t e d l y ,  t h e  s u b j e c t  o f  p h o s p h a t e  r e l e a s e  f r o m  
s e d i m e n t  i s  r e l a t e d ,  among o t h e r  f a c t o r s ,  t o  o x y g e n  c o n c e n ­
t r a t i o n  a t  t h e  s e d i m e n t  a n d  t o  t h e  t o t a l  p h o s p h a t e  c o n c e n ­
t r a t i o n  i n  t h e  s e d i m e n t .  T h i s  i s  d e a l t  w i t h  u n d e r  f i e l d  and  
l a b o r a t o r y  c o n d i t i o n s  i n  t h e  n e x t  c h a p t e r .  H e re  i t  i s  n o t e d  
t h a t  a  c o r r e l a t i o n  e x i s t e d  ( r  = - 0 . 7 2 ) b e t w e e n  s o l u b l e  
p h o s p h a t e  (SRP = s o l u b l e  r e a c t i v e  p h o s p h a t e )  a n d  d i s s o l v e d  
o xygen  c o n c e n t r a t i o n  i n  t h e  l o c h  d u r i n g  summer 1980 ( F i g u r e  
2 ; 1 0 ) an d  b e t w e e n  SRP and  t o t a l  p h o s p h a t e  (TP) i n  t h e  s e d i m e n t  
( F i g u r e  2 : 1 1 ) ,  T h e s e  d a t a  s u g g e s t  t h a t  t h e r e  was r e l e a s e
FIGURE 2 : 1 0  
( o p p o s i t e )
C o r r e l a t i o n s  b e t w e e n  s o l u b l e  p h o s p h a t e  an d  
d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s  a t  S t a t i o n  A 
i n  L o c h  K i i c o n q u h a r  i n  summer,  15 May 1980  t o  
23 J u l y  1 9 8 0 , The s t r a i g h t  l i n e  r e p r e s e n t s  
r e g r e s s i o n  e q u a t i o n  ( y  = 0 , 0 6 2  x  + 0 . 9 7 6 ;
r  = - 0 , 7 2 4 ) .
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FIGURE 2 :1 1  
( o p p o s i t e )
C o r r e l a t i o n s  b e t w e e n  i n t e g r a t e d  s o l u b l e  p h o s p h a t e  
f r o m  t h e  w a t e r  a n d  t o t a l  p h o s p h a t e  f r o m  t h e  l o c h  
s e d i m e n t  i n  t h e  y e a r  1 9 8 0 .  The s t r a i g h t  l i n e  
r e p r e s e n t s  r e g r e s s i o n  e q u a t i o n  
( y  = 0 .0 0 2 1  X + 0 ,k k 2 k ;  r  = 0 , 7 0 8 ) .
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o f  p h o s p h a t e  f r o m  t h e  s e d i m e n t  an d  t h i s  c o u l d  p o s s i b l y  e x p l a i n  
t h e  h i g h  s o l u b l e  p h o s p h a t e  i n  t h e  l o c h  w a t e r  com pared  w i t h  
t h a t  i n  t h e  i n f l o w .
M o r e o v e r ,  i t  i s  a  w e l l - k n o w n  f a c t  t h a t  d e c a y i n g  p h y t o ­
p l a n k t o n  and m a c r o p h y t e s  c o u l d  a l s o  r e s u l t  i n  i n c r e a s i n g  o f
n u t r i e n t s  i n  t h e  l o c h  w a t e r  ( R i c h e y  1979> B l o e s c h  e t  a l .  1977>
an d  S m a r t
an d  W elch  e t  a l .  1 9 7 9 ) .  A p a r t  f ro m  d e c a y i n g ,  B a r k o / ( 1 9 8 0 )  
and  C a r p e n t e r  (1 9 8 0 )  o b s e r v e d  t h a t  s u b m er g ed  m a c r o p h y t e s  cou3d 
h e l p  i n  r e l e a s i n g  p h o s p h a t e  f r o m  t h e  s e d i m e n t  i n t o  t h e  w a t e r  
co lumn e i t h e r  b y  l e a c h i n g  o r  e x c r e t i o n  o f  n u t r i e n t s  f r o m  
s h o o t s  o f  p l a n t s  w h o se  r o o t s  p e n e t r a t e  t h e  s e d i m e n t s .  T h a t  
i s ,  t h e  n o r m a l  mud s u r f a c e  b a r r i e r  t o  n u t r i e n t  r e l e a s e  t o  
o v e r l y i n g  w a t e r  i s  b y - p a s s e d  ( S p e n c e  1 9 8 1 ) .
H o ld e n  an d  C a i n e s  ( 1 9 7 4 )  s t a t e d  t h a t  t h e  m a j o r  s o u r c e  
o f  n i t r a t e  i n  L o c h  L e v e n  i s  u n d o u b t e d l y  t h e  l a r g e  q u a n t i t y  o f  
n i t r o g e n o u s  f e r t i l i z e r s  l e a c h e d  o u t  f r o m  t h e  a g r i c u l t u r a l  
l a n d  i n  t h e  c a t c h m e n t  a r e a .  P r e s u m a b l y  t h e  same phenom enon  
o c c u r s  i n  L o c h  K i i c o n q u h a r  and  a c c o r d i n g  t o  Cooke and  W i l l i a m s  
(1974)  m o s t  a g r i c u l t u r a l  d r a i n a g e  i n  B r i t a i n  c o n t a i n s  a  h i g h  
c o n c e n t r a t i o n  o f  s o l u b l e  n i t r a t e .  T a b l e  2 :1 1  f u r t h e r  
i n d i c a t e s  t h a t  d r a i n a g e  f r o m  a g r i c u l t u r a l  a r e a s  i s  g e n e r a l l y  
h i g h  i n  n i t r a t e  co m p ared  w i t h  p h o s p h a t e .
O b v i o u s l y  s u c h  a  h i g h  c o n c e n t r a t i o n  .o f  n i t r a t e  i n  t h e  
d r a i n a g e  i n f l o w  w i l l  i n c r e a s e  t h e  n u t r i e n t  c o n c e n t r a t i o n  i n  
L o c h  K i i c o n q u h a r  an d  i n d i r e c t l y  a f f e c t  t h e  l o c h  e c o s y s t e m  a s  
a  w h o le .  A l t h o u g h  t h e  p h o s p h a t e  c o n c e n t r a t i o n  i n  t h e  i n f l o w  
i s  low ,  i t  c o u l d  r e s u l t  i n  a c c u m u l a t i o n  o f  p h o s p h a t e  i n  t h e  
l o n g  t e r m  a n d  t h e r e f o r e  p l a y  a  s i g n i f i c a n t  r o l e  i n  b r i n g i n g  
t h i s  n u t r i e n t  t o  t h e  l o c h .
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T a b l e  2 :1 1
The mean s o l u b l e  n i t r a t e  and  t o t a l  p h o s p h a t e  
c o n c e n t r a t i o n s  f r o m  l a n d  d r a i n s  ( i n f l o w ) .
No. L and  d r a i n  f r o m NCU-N3
m g / l
T o t a l
P h o s p h a t e
m g / l
R e f e r e n c e
1) I n t e n s i v e l y -  f a r m e d  a r e a  o f  
s a n d y  s o i l s  
( a t  Woburn)
2 2 . 5 0 . 0 8 Cooke and  W i l l i a m s  ( 1 9 7 0 )
2) A r e a  o f  h i g h  an d  r o u g h  n e g l e c t e d  
g r a s s l a n d  
v a t  Woburn)
3 . 3 0 . 0 8 Cooke and  W i l l i a m s  
( 1 9 7 0 )
3) D r a i n  f e e d i n g  a  c a t t l e  t r o u g h  
( a t  W oburn)
8 .1 0 . 2 4 Cooke an d  W i l l i a m s  
( 1 9 7 0 )
4) S p r i n g  ( a t  Woburn)
11 . 0 0 . 1 4 Cooke a n d  W i l l i a m s  
(1 9 7 0 )
5) Lake( a t  Woburn) 1 . 9
0 . 0 2 Cooke an d  W i l l i a m s  
(1 9 7 0 )
6) A r e a  o f  a r a b l e  l a n d
( i n f l o w :  K i i ­
c o n q u h a r )
5 . 5 0 . 0 2 1981 ( t h i s  s t u d y )
7) Lake( o u t f l o w ;  
" K i i c o n q u h a r )
1 . 7 5 0 . 1 3 1981 ( t h i s  s t u d y )
9 7 .
2 . h )  CONCLUSION
The d e n s e  b i r d  p o p u l a t i o n  s t r o n g l y ,  and a g r i c u l t u r a l  r u n ­
o f f  t o  a  l e s s e r  e x t e n t ,  a f f e c t  t h e  n u t r i e n t  c o m p o s i t i o n  o f  
L o c h  K i i c o n q u h a r  w a t e r .  R e l a t e d  t o  t h i s ,  t h e  a n n u a l  r e l e a s e  
o f  n u t r i e n t s ,  p a r t i c u l a r l y  p h o s p h a t e ,  f rom  s e d i m e n t  makes  L o c h  
K i i c o n q u h a r  one o f  t h e  f e w  S c o t t i s h  l o c h  w a t e r s  i n  w h i c h  t h a t  
n u t r i e n t  r e a c h e s  v e r y  h i g h  c o n c e n t r a t i o n s .
The r e s u l t s  show t h a t  b i r d  d r o p p i n g s  a r e  r i c h  i n  n u t r i e n t s ,  
p a r t i c u l a r l y  p h o s p h a t e  a n d  n i t r a t e .  The m a j o r  s o u r c e  o f  
p h o s p h a t e  i n  t h e  l o c h  i s  u n d o u b t e d l y  t h e  b i r d  d r o p p i n g s .  I n  
a d d i t i o n  t o  i t s  p r e s e n c e  i n  b i r d  d r o p p i n g s ,  d r a i n a g e  f r o m  
a r a b l e  l a n d  i s  a l s o  h i g h  i n  n i t r a t e .  So a  m a j o r  s o u r c e  o f  
n i t r a t e  i s  n i t r o g e n o u s  f e r t i l i z e r .
From e x p e r i m e n t s  c o n d u c t e d  i n  t h e  l a b o r a t o r y ,  i t  i s  
c o n c l u d e d  t h a t  d e c a y i n g  s u b m e r g e d  m a c r o p h y t e s  an d  a l g a l  b lo o m s  
c a n  i n c r e a s e  s u b s t a n t i a l l y  t h e  a m o u n ts  o f  s o l u b l e  p h o s p h a t e  
i n  l a k e  w a t e r .  I n  a d d i t i o n  t o  b i r d  d r o p p i n g s ,  a  d e c a y i n g  
a l g a l  b lo o m  i s  a l s o  m a i n l y  s e d i m e n t e d  on t o  t h e  l a k e  b o t t o m .  
T h e se  o r g a n i c  s u p p l i e s  may i n  t u r n  d e p l e t e  t h e  d i s s o l v e d  
oxygen  c o n c e n t r a t i o n  a t  s e d i m e n t - w a t e r  i n t e r f a c e  a n d  r e s u l t  
i n  n u t r i e n t  r e l e a s e .  T h u s ,  i n  L o c h  K i i c o n q u h a r ,  on  e a c h  o f  
two o c c a s i o n s  d u r i n g  t h e  s t u d i e d  p e r i o d ,  " n u t r i e n t  r e l e a s e  f r o m  
l o c h  s e d i m e n t  o c c u r r e d  a f t e r  t h e  c o l l a p s e  o f  a l g a l  b l o o m s ,  
t h e  s o l u b l e  p h o s p h a t e  c o n c e n t r a t i o n  i n  t h e  w a t e r  i n c r e a s e d  
and t h e  d i s s o l v e d  o x y g e n  m  t h e  w a t e r  d i m i n i s h e d .
L a b o r a t o r y  s t u d i e s  a l s o  showed t h a t  L o c h  K i i c o n q u h a r  
s e d i m e n t  i s  a b l e  t o  a b s o r b  and  r e t a i n  s o l u b l e  p h o s p h a t e  f r o m  
t h e  l o c h  w a t e r .  T h i s  c l e a r l y  i n d i c a t e d  t h a t  s o l u b l e  p h o s p h a t e
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c a n  b e  i n c o r p o r a t e d  i n  t h e  l o c h  s e d i m e n t  an d  i t  seemed t h a t  a  
p o o l  o f  p h o s p h a t e  i s  s t o r e d  i n  t h e  l o c h  s e d i m e n t  b y  t h i s  
m echan ism .
CHAPTER 3
NUTRIENT RELEASE FROM LOCH KILCONQUHAR
SEDIMENT
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3 . 1) a i m s  and methods
E v i d e n c e  i n  a  p r e v i o u s  c h a p t e r  s t r o n g l y  s u g g e s t s  t h a t  
t h e r e  was a s u b s t a n t i a l  r e l e a s e  of* n u t r i e n t s  f r o m  L o c h  
K i i c o n q u h a r  s e d i m e n t  i n t o  t h e  w a t e r  i n  warm c o n d i t i o n s .
( R e f e r  t o  C h a p t e r  2 ,  F i g u r e  2 : 1 0  a n d  F i g u r e  2 : 1 1 . )
I t  i s  f a i r l y  i m p o r t a n t  t o  know t h e  u n d e r l y i n g  c a u s e s
o f  t h e  n u t r i e n t  r e l e a s e .  I t  w a s ,  t h e r e f o r e ,  h y p o t h e s i s e d  
t h a t  t h e  o b s e r v e d  f a l l s  i n  d i s s o l v e d  o x y g e n  c o n t e n t  w o u l d  
r e l a t e  t o  f a l l s  i n  r e d o x  p o t e n t i a l  w h i c h  i n  t u r n  c o u l d  r e s u l t  
i n  t h i s  n u t r i e n t  r e l e a s e .  S e r i e s  o f  e x p e r i m e n t s  w e r e  c a r r i e d  
o u t  i n  t h e  l a b o r a t o r y  on t h i s  a s p e c t .
A p a r t  f r o m  t h i s ,  s e v e r a l  a d d i t i o n a l  s a m p l i n g s  w e re  done
i n  t h e  l o c h  a t  n i g h t  an d  e a r l y  i n  t h e  m o r n i n g ,  d u r i n g  summer 
1980 .
1) F i e l d  s a m p l i n g
1.1 D i s s o l v e d  Oxygen c o n c e n t r a t i o n  a t  S t a t i o n  A
I n  o r d e r  t o  h a v e  some i d e a  o f  t h e  c h a n g e s  i n  d i s s o l v e d  
oxygen  (DO) c o n c e n t r a t i o n  i n  t h e  l o c h ,  p a r t i c u l a r l y  a t  n i g h t ,  
a s  s t a t e d  a bove  s e v e r a l  a d d i t i o n a l  f i e l d  s a m p l i n g s  w e re  d o n e
a t  6 p .m .  ( l 8 0 0  h o u r s ) ,  12 m i d - n i g h t  (2 4 0 0  h o u r s )  an d  6 a . m .
(0 6 0 0  h o u r s ) .
The s a m p l e s  w e r e  a l l  t a k e n  f r o m  s u r f a c e  w a t e r  a t  S t a t i o n  
A. F o r  DO c o n c e n t r a t i o n ,  t h e y  w e re  c o l l e c t e d  i n  250
s t o p p e r e d  b o t t l e s  t o  w h i c h  0 . 5  ml o f  m an g an e se  s u l p h a t e  a n d
0 . 5  ml o f  W i n k l e r ’ s  r e a g e n t  w e re  i m m e d i a t e l y  a d d e d  a f t e r  
c o l l e c t i o n  o f  t h e  s a m p l e s .
S u b s e q u e n t l y  t h e y  w ere  a n a l y s e d  i n  t h e  l a b o r a t o r y  f o r
1 0 0 .
DO c o n c e n t r a t i o n s  b y  f o l l o w i n g  t h e  r e s t  o f  t h e  W i n k l e r  
m e th o d .  The f u l l  d e t a i l s  o f  t h i s  p a r t i c u l a r  m e thod  have  
b e e n  d e s c r i b e d  i n  C h a p t e r  1 .
1 . 2  S o l u b l e  p h o s p h a t e  and  pH
I n  t h i s  c o n t e x t ,  t h e  d r o p  i n  DO c o n c e n t r a t i o n  i s  p r e s u m e d ,  
a s  i s  f r e q u e n t l y  t h e  c a s e ,  t o  b e  a s s o c i a t e d  w i t h  t h e  r e l e a s e  
o f  s o l u b l e  p h o s p h a t e  f r o m  t h e  l o c h  s e d i m e n t  i n t o  t h e  w a t e r .
To p r o v e  t h a t  t h e  r e l e a s e  g e n e r a l l y  o c c u r s  when t h e  DO c o n ­
c e n t r a t i o n  i s  lo w  ( p a r t i c u l a r l y  a t  n i g h t )  t h e  f i l t e r e d  w a t e r  
s a m p l e s  w e re  a l s o  a n a l y s e d  f o r  s o l u b l e  p h o s p h a t e .  The a n a l y s i s  
was d o n e  i m m e d i a t e l y  a f t e r  t h e  w a t e r  was t r a n s p o r t e d  t o  t h e  
l a b o r a t o r y .  A t  t h e  same t i m e  pH o f  t h e  w a t e r  s a m p l e s  was 
m e a s u r e d .
1 . 3  H o u r l y  c h a n g e s  i n  DO c o n c e n t r a t i o n
The h o u r l y  c h a n g e s  i n  DO c o n c e n t r a t i o n  w e r e  f u r t h e r  
m o n i t o r e d  on s e v e r a l  o c c a s i o n s  i n  t h e  l o c h  i t s e l f .  The 
3 9 5 5 3 0  o x y g e n  s e n s o r  ( o x y g e n  e l e c t r o d e )  was s e c u r e l y  t i e d  t o  
a  o n e - m e t e r  p o l e ,  a b o u t  0 . 2 3  m b e l o w  t h e  w a t e r  s u r f a c e .
The s e n s o r  was  c o n n e c t e d  t o  t h e  o x y g e n  m e t e r  (Beckman 
f i e l d  l a b .  o x y g e n  a n a l y z e r )  b y  a  t w o - m e t e r  w i r e .  The c h a r t  
r e c o r d e d  was  p o w e re d  b y  a  b a t t e r y  w h i c h  was a l s o  « c o n n ec ted  
t o  t h e  o x y g e n  m e t e r  ( F i g u r e  3 . 1 ) .
The ox y g en  m e t e r ,  t h e  c h a r t  r e c o r d e r  a n d  t h e b a t t e r y  w e re  
s h e l t e r e d  i n  t h e  b o a t  h o u s e  and  t h e  d o o r  was l o c k e d  t o  a v o i d  
any  u n w a n te d  d i s t u r b a n c e ,  p a r t i c u l a r l y  a t  n i g h t  w h i l e  t h e  
a p p a r a t u s  was  l e f t  r u n n i n g  o v e r  a  p e r i o d  o f  18 h o u r s .
FIGURE 3:1  
( oppos  i t e )
The s e t  up  f o r  m e a s u r i n g  c h a n g e s  i n  DO c o n c e n ­
t r a t i o n s  b y  o x y g e n  m e t e r  o v e r  18 h p e r i o d s .
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2) L a b o r a t o r y  e x p e r i m e n t s
2 .1  Redox p o t e n t i a l  
G e n e r a l l y  o v e r a l l  b i o l o g i c a l  a c t i v i t y  p a r t i c u l a r l y  o f  
m i c r o - o r g a n i s m s  c a n  b e  f o l l o w e d  b y  t h e  m e a s u r e m e n t  o f  o x i -  
d a t i o n - r e d u c t i o n  p o t e n t i a l s .
M i c r o - o r g a n i s m s  m e t a b o l i z e  b y  t r a n s f e r r i n g  e l e c t r o n s  i n  
c h e m i c a l  r e a c t i o n s  f r o m  one  compound t o  a n o t h e r  an d  so  i n c r e a s e  
t h e  p r o p o r t i o n  o f  i o n s  i n  t h e  r e d u c e d  s t a t e  r e l a t i v e  t o  t h o s e  
i n  t h e  o x i d i z e d  s t a t e .  The r a t e  o f  f o r m a t i o n  o f  r e d u c e d  
m a t e r i a l s  i s  a n  i n d i c a t i o n  o f  t h e  r a t e  o f  m i c r o b i a l  a c t i v i t y .
I f  a  r e f e r e n c e  e l e c t r o d e  a n d  a n  i n e r t  m e a s u r i n g  e l e c t r o d e  
a r e  i n s e r t e d  i n  a  s o l u t i o n  c o n t a i n i n g  b o t h  o x i d i z e d  a n d  
r e d u c e d  i o n s ,  a  p o t e n t i a l  i s  p r o d u c e d  b e t w e e n  t h e  e l e c t r o d e s ,  
t h e  . s i g n  an d  m a g n i t u d e  o f  w h i c h  d e p en d  u p o n  the  t y p e  a n d  
c o n c e n t r a t i o n s  o f  i o n s  i n  e a c h  s t a t e .
I n  a  c o m p le x  s y s t e m  s u c h  a s  was  s t u d i e d  f o r  t h i s  t h e s i s ,  
t h e r e  a r e  many c h e m i c a l  i o n s  i n v o l v e d ,  s o  o n l y  t h e  o v e r a l l  
c h a n g e s  i n  t h e  o x i d a t i o n - r e d u c t i o n  s t a t e  c a n  b e  m e a s u r e d .
Redox p o t e n t i a l  was  d e t e r m i n e d  a t  a  b r i g h t  p l a t i n u m  
e l e c t r o d e ,  c o n n e c t e d  t o  a  s a t u r a t e d  c a l o m e l  e l e c t r o d e  b y  a  
B .C .  M i c r o v o l t m e t e r  t y p e  TM 10 ( F i g u r e  3 : 2 ) ,  V a r i o u s  
p l a t i n u m  e l e c t r o d e s  w e r e  u s e d  i n  t h i s  e x p e r i m e n t  i n  o r d e r  
t o  g e t  a  p r e c i s e  p o t e n t i a l  r e a d i n g  a t  known d i s t a n c e s  a b o v e  
o r  b e l o w  t h e  m u d - w a t e r  i n t e r f a c e  ( F i g u r e  3 : 3 ) .
A t  t h e  same t i m e ,  pH v a l u e s  o f  t h e  s a m p l e s  w e re  d e t e r m i n e d  
t o  p r o v i d e  a  s t a n d a r d  f o r  t h e  c o m p a r i s o n  o f  d i f f e r e n t  s a m p l e s .  
H ere  t h e  s t a n d a r d  o r  r e f e r e n c e  v a l u e  i s  a t  pH 7> t e r m e d  
By, an d  t h e  p o t e n t i a l  m e a s u r e d  i s  i n c r e a s e d  b y  58 m V o l t ,  f o r  
e v e r y  one  u n i t  o f  pH a b o v e  7 o r  c o r r e s p o n d i n g l y  r e d u c e d  f o r
FIGURE 3; 2 
( o p p o s i t e )
Redox p o t e n t i a l s  a r e  t a k e n  b y  a  s e r i e s  o f  
p l a t i n u m  e l e c t r o d e s  a t  v a r i o u s  d e p t h s  a b o v e  
an d  bâ.ow t h e  s e d i m e n t - w a t e r  i n t e r f a c e .
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FIGURE 3 : 3  
( o p p o s i t e )
a )  A home made p l a t i n u m  e l e c t r o d e  (made b y  a  
f o r m e r  r e s e a r c h  s t u d e n t  (A ,  D a le ) ) ;  i t  was 
r e j u v e n a t e d  f o r  t h i s  e x p e r i m e n t .
b )  P l a t i n u m  e l e c t r o d e  Type  P+ 805  i n g o l d  
( S w i s s  m a d e ) .
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1 0 5 .
pH v a l u e  b e l o w  7 .
S i n c e  t h e  c a l o m e l  e l e c t r o d e  d i f f e r s  f r o m  t h e  s t a n d a r d  
h y d r o g e n  e l e c t r o d e ,  250m V ol t  i s  ad d ed  t o  t h e  m e a s u r e d  
r e a d i n g  r e g a r d l e s s  o f  t h e  s i g n .
T h i s  m e th o d  i s  a  m o d i f i c a t i o n  o f  c o n v e n t i o n a l  m e th o d s  
u s e d  b y  P e a r s a l l  and  M o r t i m e r  ( 1 9 5 9 ) ,  M o r t i m e r  (1 9 U 1 ) ,  
M o r t i m e r  ( 1 9 7 1 )  an d  V i n e r  ( 1 9 7 U ) .
2 , 2  A m m o n iu m - n i t r o g e n
S i n c e  ammonia  i s  f o u n d  i n  a  c o n s i d e r a b l e  q u a n t i t y  i n  
t h e  r e d u c e d  s t a t e  and f u r t h e r m o r e ,  b i o l o g i c a l  w a s t e s  s u c h  
a s  e x c r e t a  a r e  c l o s e l y  a s s o c i a t e d  w i t h  ammonia ,  on  s e v e r a l  
o c c a s i o n s  t h e  ammonium c o n c e n t r a t i o n  o f  s a m p l e s  was a l s o  
d e t e r m i n e d ,  b y  t h e  m e thod  o f  S o l o r z a n o  ( 1 9 6 U ) ,
The f o l l o w i n g  r e a g e n t s  w e re  f r e s h l y  p r e p a r e d :
1) P h e n o l - a l c o h o l  s o l u t i o n : ~
10 g  o f  p h e n o l  was  d i s s o l v e d  i n  100 ml 95^  v / v  e t h y l  
a l c o h o l ,
2) Sodium  n i t r o p r u s s i d e  0 . 5 % : -
One g  o f  s o d iu m  n i t r o p r u s s i d e  was d i s s o l v e d  i n  200 ml 
w a t e r ,
3) A l k a l i n e  s o l u t i o n : -
100 g o f  t r i s o d i u m  c i t r a t e  w e re  d i s s o l v e d  i n  5 S o f  
s o d iu m  h y d r o x i d e  i n  5 0 0  ml w a t e r .
4 )  O x i d i z i n g  s o l u t i o n : -
100 ml s o d iu m  n i t r a t e  s o l u t i o n  w e re  m ixed  w i t h  25  ml 
h y p o c h l o r i d e .
The p r o c e d u r e  c o n s i s t s  o f  s u c c e s s i v e  a d d i t i o n s  o f  1 ml 
p h e n o l  s o l u t i o n  and  1 ml o x i d i z i n g  r e a g e n t  t o  25  ml s am p le
1 0 6 .
i n  a  25  ml v o l u m e t r i c  f l a s k ,  m i x i n g  t h o r o u g h l y  a f t e r  e a c h  
a d d i t i o n .  The c o l o u r  i s  a l l o w e d  t o  d e v e l o p  a t  room t e m p e r ­
a t u r e  f o r  1 h  a n d  t h e  a b s o r b a n c e  i s  r e c o r d e d  a t  640 nm i n  a  
s p e c t r o p h o t o m e t e r .  A s t a n d a r d  c u r v e  was d raw n  i n  o r d e r  t o  
o b t a i n  t h e  ammonia  c o n c e n t r a t i o n  f o r  t h e  s a m p l e  a g a i n s t  b l a n k  
p r e p a r e d  b y  u s i n g  d i s t i l l e d  w a t e r  i n  p l a c e  o f  t h e  s a m p l e .
2 , 3  Oxygen p r o d u c e d  b y  s u b m e r g e d  m a c r o p h y t e s  a n d  a l g a l
b l o o m s . (T he  o v e r a l l  m e thod  was p r i n c i p a l l y  b a s e d  on  
V o l l e n w e i d e r  ( 1 9 7 4 ) . )
The c h a n g e s  i n  DO c o n c e n t r a t i o n  i n  t h e  l o c h  i s  m a i n l y  
due  t o  t h e  a c t i v i t y  o f  l i v i n g  o r g a n i s m s .  D u r i n g  t h e  d a y ,  
t h e  w a t e r  p l a n t s  and  p h y t o p l a n k t o n  h e l p  t o  i n c r e a s e  t h e  DO 
c o n c e n t r a t i o n  i n  t h e  l o c h  w a t e r  b y  p h o t o s y n t h e s i s .
T h r e e  s p e c i e s  o f  s u b m e r g e d  m a c r o p h y t e s  f r e s h l y  c o l l e c t e d  
f ro m  t h e  l o c h  w ere  u s e d  t o  o b s e r v e  t h e  am oun t  o f  o x y g e n  p r o ­
du c ed  b y  t h e s e  p l a n t s  i n  2 4  h o u r s  a t  a c o n s t a n t  w a t e r  t e m p e r ­
a t u r e  o f  15°Go T hey  w ere  t h e  same p l a n t s  w h i c h  w e re  u s e d  
f o r  o t h e r  e x p e r i m e n t s ,  n a m e l y  M y r i o p h y l l u m  s n i c a t u m . C l a d o p h o r a  
f r a c t a  and Z a n n i c h e l i a  o a l u s t r i s .
One g ra m  o f  f r e s h  M y r i o p h y l l u m  s p i c a t u m . C l a d o p h o r a  
f r a c t a  and  Z a n n i c h e l i a  p a l u s t r i s  was  e a c h  p l a c e d  i n  a  
s e p a r a t e  2 5 0  ml s t o p p e r e d  b o t t l e  ( t h e  same t y p e  o f  b o t t l e  
was  u s e d  f o r  f i e l d  o x y g e n  a n a l y s i s ) .  The p l a n t s  i n  t h e s e  
b o t t l e s  w e re  a l l o w e d  t o  p h o t o s y n t h e s i z e  f o r  18 h  u n d e r  
n a t u r a l  l i g h t .
I n  a d d i t i o n ,  t h r e e  2 5 0  ml s t o p p e r e d  b o t t l e s  w ere  f u l l y  
c o v e r e d  w i t h  a l u m i n i u m  f o i l s ,  t o  e a c h  o f  w h i c h  had p r e v i o u s l y  
b e e n  a d d ed  one  g ram  o f  f r e s h  s h o o t s  o f  e a c h  o f  t h e s e  s p e c i e s .
1 0 7 .
R e s u l t s  g av e  a  m e a s u r e  o f  d a r k  r e s p i r a t i o n .
A l l  t h e s e  b o t t l e s  had  p r e v i o u s l y  b e e n  f i l l e d  w i t h  t a p  
w a t e r  and  p l a n t s ,  a f t e r  b e i n g  c o v e r e d  w i t h  f o i l s ,  w e re  p l a c e d  
i n  a  w a t e r  b a t h  a t  a  c o n s t a n t  t e m p e r a t u r e  o f  15°G f o r  2 4  
h o u r s .  The i n i t i a l  DO c o n c e n t r a t i o n  was m e a s u r e d  on t h e  
t a p  w a t e r  u s e d  i n  t h e  e x p e r i m e n t  b u t  w i t h o u t  p l a n t s .
The same m e thod  was u s e d  f o r  p h y t o p l a n k t o n .  The o n l y  
d i f f e r e n c e  was t h a t ,  i n s t e a d  o f  t a p  w a t e r ,  n a t u r a l  l o c h  
w a t e r  c o n t a i n i n g  t h e  p h y t o p l a n k t o n  was u s e d .
The f i r s t  s a m p l e  was t a k e n  d u r i n g  t h e  S t e p h a n o d i s c u s  
b lo o m  i n  w i n t e r  1 9 7 9 - 8 0 .  The e x p e r i m e n t s  w e r e  r u n  a t  a  
c o n s t a n t  w a t e r  t e m p e r a t u r e  (15°G )  an d  a  d a y l e n g t h  a t  t h i s  
t i m e  o f  t h e  y e a r  o f  6 h o u r s .
The s e c o n d  s a m p le  was t a k e n  d u r i n g  t h e  A n a b a e n a  b lo o m  
i n  e a r l y  summer when d a y l e n g t h  was  18 h o u r s .
T h r e e  250 ml ^ y r e x  b o t t l e s  w e re  u s e d  f o r  e a c h  o f  t h e s e  
e x p e r i m e n t s .  One o f  t h e  b o t t l e s  was d i r e c t l y  u s e d  t o  m e a s u r e  
t h e  i n i t i a l  DO c o n c e n t r a t i o n  f r o m  t h e  l o c h  w a t e r .  The 
r e m a i n i n g  p a i r  w e r e  p l a c e d  i n  t h e  w a t e r  b a t h  a t  a  c o n t r o l l e d  
t e m p e r a t u r e  o f  15°G, one  b e i n g  c o v e r e d  w i t h  a l u m i n i u m  f o i l  
t o  p r e v e n t  p h o t o s y n t h e s i s ,  t h e  o t h e r  b e i n g  e x p o s e d  t o  t h e  
n a t u r a l  l i g h t .
2 . 4  E x p e r i m e n t s  w i t h  t w o - m e t e r  p e r s p e x  t u b e  ( n u t r i e n t  r e l e a s e )
A t w o - m e t e r  p e r s p e x  t u b e  w i t h  a  d i a m e t e r  o f  8 cm was 
u s e d  t o  t a k e  a  1 . 5  m c o lu m n  o f  l o c h  w a t e r  a l o n g  w i t h  0 . 2  m 
d e p t h  o f  s e d i m e n t .  Two p e o p l e  a r e  n e e d e d  t o  h a n d l e  t h e  
h eav y  t u b e ,  p a r t i c u l a r l y  w h en  i t  i s  f i l l e d  w i t h  t h e  l o c h  
w a t e r  a n d  i t s  s e d i m e n t .
108.
The i n i t i a l  s a m p l i n g  was  d o n e  i n  t h e  l o c h  i t s e l f ,  a t  
S t a t i o n  B on 6 Nov ,  1 9 7 9 .  F i r s t ,  t h e  DO c o n c e n t r a t i o n s  
w e re  m e a s u r e d  a t  v a r i o u s  d e p t h s  an d  a t  t h e  same t i m e  w a t e r  
s a m p l e s  were  c o l l e c t e d  f r o m  t h e  same d e p t h s  f o r  n u t r i e n t  
a n a l y s i s .
S e c o n d l y ,  t h e  l o n g  t u b e  was  s l o w l y  l o w e r e d  i n t o  t h e  l o c h  
w a t e r  a n d  a l l o w e d  t o  p e n e t r a t e  t h e  s e d i m e n t .  When t h e  t u b e  
was f i l l e d ,  i t  was c a r e f u l l y  p u l l e d  u p .  B e f o r e  t h e  w h o le  
t u b e  came o u t  o f  t h e  w a t e r  a t  p r e c i s e l y  0 . 2 0  m b e l o w  t h e  
w a t e r  s u r f a c e ,  t h e  l o w e r  en d  was p l u g g e d  w i t h  a  r u b b e r  b u n g .
The u p p e r  e n d  was a l s o  p l u g g e d  w i t h  a  r u b b e r  b u n g ,  t h e n  
t h e  t u b e  was s a f e l y  p l a c e d  on t h e  d i n g h y .  (By d o i n g  t h i s  i t  
w ould  a l s o  h e l p  t o  c r e a t e  a n  a n o x i c  c o n d i t i o n  i n  t h e  t u b e  a t  
a  much f a s t e r  r a t e  ( F i g u r e  3 :4 ) . )
S p e c i a l  a t t e n t i o n  a n d  c a r e  w e re  t a k e n  d u r i n g  t h e  t r a n s ­
p o r t a t i o n  o f  t h i s  t u b e  f r o m  t h e  l o c h  t o  t h e  l a b o r a t o r y ,  t o  
a v o i d  t i l t i n g  o r  u n d u e  d i s t u r b a n c e .  The t u b e  was t h e n  p l a c e d  
i n  a  s p e c i a l  b o x  i n  t h e  l a b o r a t o r y  so  t h a t  i t  w o u ld  s t a n d  i n  
t h e  u p r i g h t  p o s i t i o n  an d  l e f t  f o r  80 d a y s  b e f o r e  t h e  f i n a l  
s a m p l i n g  on  t h e  l o c h  w a t e r  f r o m  t h e  t u b e  was d o n e  on 25 J a n .  
1980.
2 , 5  E x p e r i m e n t s  w i t h  0 . 7 5  m p e r s p e x  t u b e s  ( n u t r i e n t  r e l e a s e )
Two 0 . 7 5  m p e r s p e x  t u b e s  ( d i a m e t e r  8 cm) w e r e  u s e d  t o  
sam ple  l o c h  w a t e r  a n d  a  s e d i m e n t  c o r e  a t  S t a t i o n  A,  i n  a  
s h a l l o w  p a r t  o f  t h e  l o c h  w i t h  a  w a t e r  d e p t h  a r o u n d  0 . 5  m.
The  i n i t i a l  s a m p l e  was  t a k e n  on 25  M arch  1 9 8 1 .  C h e m i c a l  
a n a l y s e s  w e re  c a r r i e d  o u t  o r  c o m p l e t e d  i n  t h e  l a b o r a t o r y  
where  r e d o x  p o t e n t i a l  was  a l s o  m e a s u r e d .
FIGURE 3 : h  
( o p p o s i t e )
a )  shows how t h e  s a m p l i n g  was d one  b y  u s i n g  a 
2 m - l o n g  p e r s p e x  t u b e  a t  S t a t i o n  B i n  L o c h  
K i l c o n q u h a r  and  b )  shows t h e  t u b e  was  l e f t  
i n  a n  u p r i g h t  p o s i t i o n  f o r  80 d a y s  i n  t h e  
l a b o r a t o r y .
1 0 9 .
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110.
One o f  t h e  t u b e s  was c o n s t a n t l y  a e r a t e d  a n d  t h e  o t h e r  
t u b e  was s e a l e d  o f f  f r o m  t h e  a t m o s p h e r e  b y  p l u g g i n g  t h e  u p p e r  
end  w i t h  a r u b b e r  b u n g .  On 2 5  A p r i l  1 9 8 1 ,  e x a c t l y  one m onth  
l a t e r ,  r e a d i n g s  w e re  t a k e n  f r o m  1 cm an d  50  cm a bove  t h e  
s e d i m e n t  s u r f a c e  i n  e a c h  t u b e .
2 , 6  E f f e c t s  o f  a d d e d  d u c k  d r o p p i n g s .
I n  o r d e r  t o  ex am in e  t h e  e f f e c t  o f  d u c k  d r o p p i n g s  on t h e  
w a t e r - m u d  i n t e r f a c e  a n d  t h e n  t h e  o v e r l y i n g  w a t e r ,  two 0 . 7 5  m 
l o n g  p e r s p e x  t u b e s  w e re  e a c h  f i l l e d  w i t h  5 0 0  g  o f  f r e s h  L o c h  
K i l c o n q u h a r  s e d i m e n t s .  T h e n  1 1 d i s t i l l e d  w a t e r  was c a r e ­
f u l l y  p o u r e d  i n t o  e a c h  t u b e .
One o f  t h e  t u b e s  was a e r a t e d  a n d  t h e  o t h e r  one  was 
s e a l e d .  B o t h  t u b e s  w e re  p l a c e d  i n  t h e  w a t e r  b a t h  a t  a 
c o n s t a n t  t e m p e r a t u r e  o f  15°G.
A f t e r  one week a n d  f o r  f i v e  f u r t h e r  w e e k s ,  10 g d u c k  
d r o p p i n g s  w e r e  a d d e d  t o  e a c h  t u b e .  M e a s u r e m e n t s  w e re  made 
w e e k l y ,  b e f o r e  t h e  n e x t  s a m p l e  o f  d r o p p i n g s  was a d d e d .  
R e a d i n g s  w e re  t a k e n  f r o m  1 cm, 3 cm, 5 cm a n d  7 cm a b o v e  t h e  
s e d i m e n t - w a t e r  i n t e r f a c e ,  b y  c a r e f u l l y  s i p h o n i n g  o u t  t h e  
s a m p l e s .  S u b s e q u e n t l y  d i s t i l l e d  w a t e r  was a d d e d  t o  e a c h  
t u b e  t o  e n s u r e  t h e  vo lum e  was a l w a y s  1 l i t r e .
2*7 The r a t e  o f  n u t r i e n t  r e l e a s e  f r o m  d i f f e r e n t  m a t e r i a l s
To o b s e r v e  t h e  r a t e  o f  n u t r i e n t  r e l e a s e  u n d e r  a n o x i c  
c o n d i t i o n s  f r o m  a )  10 g o f  s e d i m e n t ,  b )  10 g  s e d i m e n t  w i t h  
1 g  o f  d u c k  d r o p p i n g  a d d e d ,  c)  10 g  d u c k  d r o p p i n g s  a n d  d)
10 g o f  g u l l  d r o p p i n g s ,  f o u r  20 cm l o n g  p o l y t h e n e  t u b e s  w i t h  
a  d i a m e t e r  o f  3 cm w ere  u s e d .
1 1 1 .
To e a c h  t u b e  w i t h  i t s  a p p r o p r i a t e  s a m p l e  100 ml 
d i s t i l l e d  w a t e r  was s l o w l y  a d d e d .  R e a d i n g s  w e re  t a k e n  a t  
f i v e  i n t e r v a l s  b y  p i e r c i n g  t h e  t u b e  w i t h  a  n e e d l e  a t  e x a c t l y  
1 cm ab o v e  t h e  m a t e r i a l .  The s o l u t i o n  i n s i d e  t h e  t u b e  was 
drawn o u t  b y  a  B .D .  p l a s t i p a k  10 ml ( F i g u r e  3 * 5 ) •
FIGURE 3 : 5  
( o p p o s i t e )
The p o l y t h e n e  t u b e  was  p i e r c e d  b y  a  n e e d l e  and  
t h e  s o l u t i o n  was d r a w n  o u t  b y  B-D p l a s t i p a k  
10 ml s y r i n g e  f o r  f u r t h e r  a n a l y s i s .
1 1 2 .
<-----------p * lu + 4 « /v * . -iuia-t-
F1G.3=5
1 1 3 .
3 . 2 )  RESULTS
2 .1  D i s s o l v e d  o x y g e n  i n  summer
The c h a n g e s  i n  DO c o n c e n t r a t i o n s ,  s o l u b l e  p h o s p h a t e  
c o n c e n t r a t i o n s  a n d  pH v a l u e s  w h i c h  w e re  r e c o r d e d  o v e r  p e r i o d s  
o f  2U h o u r s  d u r i n g  summer a n d  e a r l y  au tum n  1980 i n  Loch  
K i l c o n q u h a r  a r e  sh o w n  i n  T a b l e  3 :1  a n d  F i g u r e  3 : 6 .
The DO c o n c e n t r a t i o n  i n  t h e  w a t e r  was  n o r m a l l y  low a t
n i g h t  an d  m o d e r a t e l y  h i g h  d u r i n g  t h e  d a y .  On t h e  o t h e r
h a n d ,  t h e  s o l u b l e  p h o s p h a t e  c o n c e n t r a t i o n s  w e re  a l w a y s  s l i g h t l y  
h i g h e r  a t  n i g h t  and  l o w e r  b y  d a y .
2 . 2  H o u r l y  c h a n g e s  i n  DO c o n c e n t r a t i o n s
The d i f f e r e n c e s  i n  DO c o n c e n t r a t i o n s  d u r i n g  n i g h t  and  
d a y  i n  t h e  l o c h  w a t e r  a r e  shown i n  more d e t a i l  i n  T a b l e  
3 : 2 ,  a - b  a n d  F i g u r e  3 : 7 ,  a - b .  The r e a d i n g s  w e r e  t a k e n  w i t h  
a n  o xygen  m e t e r  c o n n e c t e d  t o  t h e  c h a r t  r e c o r d e r  m o n i t o r e d  
o v e r  18 h  p e r i o d s .
F i g u r e  3 : 7  a  shows t h a t  t h e  maximum DO c o n c e n t r a t i o n  
r e a d  o f  13 .U  m g / l  was a t  i+ p .m .  ( 1 6 0 0  h r s )  i n  t h e  a f t e r n o o n ,  
w h i l e  t h e  minimum DO c o n c e n t r a t i o n  r e a d i n g ,  2 . 5  m g / l ,  was a t  
5 a .m .  (0 5 0 0  h r s )  i n  t h e  e a r l y  m o r n i n g .
F i g u r e  3 :7D  a l s o  shows t h a t  t h e  DO r e a d i n g s  w e re  g e n e r a l l y  
h i g h  d u r i n g  t h e  d a y  b u t  g r a d u a l l y  d e c r e a s e d  d u r i n g  t h e  n i g h t  
t o  a  minimum v a l u e  o f  0 . 3 5  m g / l  a t  2 a . m .  ( 0 2 0 0  h r s . ) .
2 . 3  Oxygen p r o d u c e d  b y  s u b m erg ed  m a c r o y p h y t e s  a n d  a l g a l  b lo o m
I t  i s  w e l l  known t h a t  s u b m e r g e d  m a c r o p h y t e s  an d  a l g a e
1 1 4 .
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FIGURE 3 : 6  
( o p p o s i t e )
The c h a n g e s  i n  a )  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s  
and  b )  s o l u b l e  p h o s p h a t e  c o n c e n t r a t i o n s ,  a t
1800 h  ( ------------  n o t e ;  h i g h  i n  d i s s o l v e d  o x y g e n
and low i n  s o l u b l e  p h o s p h a t e )  a n d  a t  O6OO h
(---------  = n o t e ;  low i n  d i s s o l v e d  o x y g e n  a n d
s l i g h t l y  h i g h  i n  s o l u b l e  p h o s p h a t e ) , '  i n  L o c h  
K i l c o n q u h a r  d u r i n g  summer a n d  e a r l y  a u tu m n  1 9 8 0 .  
R e a d i n g s  d e r i v e d  f r o m  T a b l e  3 : 1 .
FIG.3:6 1 1 5 .
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TABLE 3 ; 2a
The h o u r l y  c h a n g e s  i n  DO c o n s ,  m g / l  t a k e n  o v e r  an  
18 h o u r  p e r i o d  f r o m  20 Aug. 1980 t o  21 Aug. 1980 .  
A t  t h e  t i m e ,  a n  A p h a n iz o m e n o n  h lo o m  was b e g i n n i n g .
D a t e Timeh r s .
D i s s o l v e d  o x y g e n  c o n c e n t r a t i o n  
(DOC) m g / l
20 Aug. 1980 t o 1200 7 . 8
21 Aug. 1980 1300 9 . 0
1400 1 2 . 01500 1 3 . 0 *
1600 1 3 . 4
1700 1 2 . 6
1800 1 1 . 71900 1 0 . 0
2000 9 . 0
2100 8 . 7
2200 7 . 0
. 2300 6 , 0
2400 5 . 0
0100 6 . 8
0200 5 . 50300 4 . 2
0400 3 . 1 *! 0500 2 . 50 6 0 0 4 . 2
minimum and  maximum v a l u e s .
1 1 7 .
TABLE 5 : 2 b
The h o u r l y  c h a n g e s  i n  DO c o n s ,  m g / l  t a k e n  o v e r  a n  
18 h o u r  p e r i o d  f r o m  26 Aug. 1980 t o  27 Aug.  1980 
i n  t h e  m i d s t  o f  A p h a n izo m e n o n  b l o o m .
D a t e
i '
Time
h r s .
D i s s o l v e d  o x y g e n  c o n c e n t r a t i o n  
(DOC) m g / l
26 Aug. 1980 t o 1200 7 . 0
27 Aug. 1980 1300 9 . 81400 1 0 . 1 *
1500 1 0 . 51600 9 . 0
1700 8 . 0
1800 9 . 51900 9 . 0
2000 6 . 52100 5 . 0
2200 4 . 8
2300 4 . 0
2400 2 . 50100 1 " 0 *0200 0 . 3 50300 1 . 30400 1 . 2
0 5 0 0 2 . 4
0 6 0 0 6 . 5
minimum an d  maximum v a l u e s
FIGURE 3 : 7  
( o p p o s i t e )
The h o u r l y  c h a n g e s  i n  DO c o n c e n t r a t i o n s
a )  t a k e n  o n  20 Aug. 1980  t o  21 Aug.  1980 and  
h )  t a k e n  on 26 Aug 1980 t o  27 Aug.  1980 .
The r e a d i n g s  a r e  d e r i v e d  f r o m  T a b l e  3 : 2  a - b .
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i n c r e a s e  t h e  DO c o n c e n t r a t i o n  i n  t h e  w a t e r  d t i r i n g  t h e  d a y  by  
p h o t o s y n t h e s i s .  T a b l e  3 : 3 a  shows t h a t  t h e  m a c r o p h y t e s  c o u l d  
p r o d u c e  a s u b s t a n t i a l  amount  o f  DO i n  2i| h o u r s ,  a n d  T a b l e  
3 : 3b f u r t h e r  i n d i c a t e s  t h a t  t h e  n e t  am oun ts  o f  o x y g e n  p r o d u c e d  
i n  one  h o u r  b y  one  g ram  o f  f r e s h  Z a n n i c h e l l i a  n u l a s t r i s , 
C l a d o p h o r a  f r a c t a  and  M y r i o p h y l l u m  s p i c a t u m  a r e ,  r e s p e c t i v e l y ,  
0 . 4 4 6 ,  0 . 3 9 4  and  0 . 6 2 7  m g / l .
T a b l e  3 : 4 a  shows t h a t  a n  A n a b a e n a  b lo o m  c o u l d  p r o d u c e  
2 , 1 0  m g / l  d i s s o l v e d  o x y g e n  w i t h i n  24  h o u r s  a t  13°G an d  a t  
t h e  same t e m p e r a t u r e  a  S t e p h a n o d i s c u s  b lo o m  c o u l d  p r o d u c e  
3 . 0 0  m g / l  d i s s o l v e d  o x y g e n  w i t h i n  2 4  h o u r s .
2 . 4  T w o - m e te r  p e r s p e x  t u b e  ( n u t r i e n t  r e l e a s e )
R e s u l t s  o f  t h e  e x p e r i m e n t  on n u t r i e n t  r e l e a s e  f r o m  t h e  
s e d i m e n t  i n t o  t h e  l o c h  w a t e r ,  w h i c h  was r u n  f o r  80 d a y s  i n  
t h e  l a b o r a t o r y  u n d e r  a n o x i c  c o n d i t i o n s ,  a r e  shown i n  T a b l e  
3 : 5  and F i g u r e  3 : 8 .  T h e s e  d a t a  i n d i c a t e  t h a t  when t h e  DO 
c o n c e n t r a t i o n s  d r o p p e d  b e l o w  1 m g / l  a t  t h e  m u d - w a t e r  s u r f a c e ,  
s u b s t a n t i a l  a m o u n t s  o f  s o l u b l e  p h o s p h a t e  a n d  s o l u b l e  n i t r a t e  
w e r e  r e l e a s e d  f r o m  t h e  s e d i m e n t  i n t o  t h e  o v e r l y i n g  w a t e r .
I t  s h o u l d  b e  n o t e d  t h a t  t h e  e x p e r i m e n t  was c o n d u c t e d  i n  
w i n t e r  when a m b i e n t  room t e m ^  r a t u r e  was lo w ,  a r o u n d  10°D t o  
1 2 ° 0 .
2 . 5  0 . 7 5  m p e r s p e x  t u b e  ( n u t r i e n t  r e l e a s e )
The r e d o x  p o t e n t i a l , ,  DO c o n c e n t r a t i o n ,  s o l u b l e  p h o s p h a t e  
c o n c e n t r a t i o n ,  s o l u b l e  n i t r a t e  c o n c e n t r a t i o n ,  ammonia c o n c e n ­
t r a t i o n ,  c o n d u c t i v i t y ,  pH a n d  w a t e r  t e m p e r a t u r e  a r e  shown i n  
T a b l e  3 : 6 .  The r e a d i n g s  w e r e  t a k e n  f r o m  1 cm an d  50 cm
1 2 0 .
TABLE 3 : 3 a
The e v o l u t i o n  o f  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n  (DOG) 
f ro m  1 gm o f  a )  M .v r io p h y l lu m  s p i c a t u m  ^ b )  O l a d o p h o r a  
f r a c t a  and  c) Z a n n i c h e l l i a  p u l a s t r i s . o v e r  a  p e r i o d  
o f  24  h r s .  a t  1 3°C ( n a t u r a l  1 i g h t ) .
S p e c i e s I n i t i a l  
DOC m g / l  ( c ^ )
F i n a l  DOC m g / l  
(Cv) e x p o s e d  t o  l i g h t  ( ^ ^ 1 8  h r s .  
May 1980)
DOG m g / l  e v o l v e d  
C^-C^ i n
2 4  h r s .
M .vr iophy l lum
s p i c a t u m
4 . 6 + 0 . 1 1 7 - 8 4 0 . 1 1 7 . 8  -  4 . 6  = 1 3 . 2
O l a d o p h o r a
f r a c t a
4 . 6jH0.1 1 7 . 6 + 0 . 5 1 7 . 6  -  4 . 6  1= ,1 ,3 .. 0
Z a n i c h e l l i a
p u l a s t r i s
4 . 6 + 0 . 1 1 1 . 5 + 0 . 1 1 1 . 5  -  4 . 6  = 6 . 2  !
T a b l e  3 : 3 b
The e s t i m a t i o n  o f  n e t  p h o t o s y n t h e s i s  (nP )  
and  g r o s s  p h o t o s y n t h e s i s  ( g P ) .
S p e c i e s  j
i
F i n a l  DOC 
m g / l  (Cp)  
k e p t  i n  t h e  
d a r k  ( 2 4  h)
n P  ( C , - C  ) / h r  
Og m g / ^ h r
gP  ( C t - C g X / h rOg m g /g /h r
jM y r i o p h y l l u m
s p i c a t u m
2 . 8 + 0 . 2 0 . 5 5 0 0 . 6 2 7
O la d o p h o r a
f r a c t a 3 . 4 + 0 . 5
0 . 5 4 2 . 0 . 5 9 4
Z a n n i c h e l l i a  p u l a s t r i s  j
0 . 8 + 0 . 1 0 . 2 8 8 0 . 4 4 6
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TABLE 5 : 4 a
The e v o l u t i o n  o f  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n  (DOC) 
m g / l  f r o m  a n  A n a b a e n a  b l o o m  ( 3 5 7  m g/m3 C h i  a )  o v e r  a  
p e r i o d  o f  2 4  h r s .  a t  1 5 °C ,  i n  summer 1 9 8 0  ( n a t u r a l  
l i g h t ) .
I n i t i a l  DOC m g / l
( C l )
i
P i n a l  DOC m g / l  
(C?) e x p o s e d  t o  l i g h t  {-ÛS- h r s ;  
; J u n e  1980)
DOG m g / l  e v o l v e d  C-z-G, 
i n  2 4  h r s .
5 . 7 0
15 May 1980
1
I 7 . 8 0
16 May 1980
11
7 . 8 0  -  5 . 7 0  
= 2 . 1 0
TABLE 3 : 4 b
The e v o l u t i o n  o f  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n  (DOG) 
m g / l  f r o m  S t e p h a n o d i s e u s  b lo o m s  ( 1 3 6  m g /m3 C h i  a) o v e r  
a  p e r i o d  o f  2 4  h r s .  a t  1 3 °C ,  i n  w i n t e r  1 9 8 0  ( n a t u r a l  
l i g h t ) .
I n i t i a l  DOG m g / l  
( 0 ^)
F i n a l  DOC m g / l  
(C3 ) e x p o s e d  t o  
l i g h t  (-ZÙT 8  h r s ;  
J a n u a r y  I 9 8 0 )
DOC m g / l  e v o l v e d  C^-C,^ 
i n  2 4  h r s .
7 . 723 J a n u a r y  1980 1 0 . 7  2 4  J a n u a r y  1980
1 0 . 7  = 7 . 7
=
1 2 2 .
T a b l e  5 : 5
C o m p a r a t i v e  m e a s u r e m e n t s  o v e r  a n  i n t e r v a l  o f  80 d a y s  
i n  t h e  1 . 5  m d e e p  t u b e  w a t e r  co lu m n  and  s e d i m e n t .
The i n i t i a l  r e a d i n g s  w e re  t a k e n  i n  t h e  l o c h  i t s e l f  
( 6  Nov. 1979)  an d  t h e  f i n a l  r e a d i n g s  w e re  t a k e n  i n  t h e  l a b o r a t o r y  ( 2 5  J a n .  1 9 8 0 ) ,  a f t e r  b e i n g  s e a l e d  
o f f  f r o m  t h e  a t m o s p h e r e  f o r  80 d a y s .
A n a l y s i s D e p t h I n i t i a l F i n a l
6 Nov. 1979 25 J a n .  1980
Lp o ^  - p )
m g / l
0 0 . 5 9 1 .1 8
0 . 51 . 0 0 . 3 40 . 3 5
1 . 1 51 . 2 0
1 . 5 0 . 0 8 1 . 2 0
[ ho -  n] 0 1 . 5 0 2 . 5 0
1 ^ 1 0 . 51 . 0 1 . 5 5  1 . 4 5
2 . 5 0
2 . 5 51 . 5 1 . 4 9 2 . 5 0
DO c o n s . 0 1 0 . 2 0 . 1 0m g / l 0 . 5 1 0 .1 0 . 0 51 . 0 1 0 . 0 0 .01
1 . 5 1 0 . 0 0 . 0 0
pH 0 8 . 0 7 . 8
0 . 5 8 . 0 7 . 81 . 0 8 . 0 7 . 6
1 . 5 7 . 9 7 . 6
FIGURE 5 : 8  
( o p p o s i t e )
C o m p a r a t i v e  m e a s u r e m e n t s  o v e r  a n  i n t e r v a l  o f  
80 d a y s  i n  t h e  e x p e r i m e n t a l  s e d i m e n t - w a t e r  
s y s t e m s .  The 2 m p e r s p e x  t u b e  was s e a l e d  o f f  
f r o m  t h e  a t m o s p h e r e  f o r  80 d a y s .
a )  The i n i t i a l  r e a d i n g s  w h i c h  w e r e  t a k e n  i n  
t h e  L o c h  a t  S t a t i o n  B on 6 Nov. 1 9 7 9 .
b )  The  f i n a l  r e a d i n g s  w h i c h  were  t a k e n  a f t e r  
80 d a y s  on 25 J a n .  19 8 0 .
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Redox  p o t e n t i a l  By a n d  a n a l y t i c a l  d a t a  f r o m  L o c h  
K i l c o n q u h a r  w a t e r  d raw n  f r o m  1 cm a b o v e  t h e  s e d i ­
ment i n  s e a l e d  and  open  0 . 7 5  m p e r s p e x  t u b e s .The i n i t i a l  r e a d i n g s  w e re  t a k e n  f r o m  t h e  l o c h  
i t s e l f ,  a n d  t h e  f i n a l  r e a d i n g  a f t e r  one  m o n th .
I n i t f e l  r e a d i n g  o f  
L o c h  K i l c o n q u h a r  
w a t e r25 M arch  1981
P i n a l  r e a d i n g  o f  P i n a l  r e a d i n g  o f
L o c h  K i l c o n q u h a r  L och  K i l c o n q u h a r
w a t e r  i n  t h e  open w a t e r  i n  t h e
t u b e
25 A p r i l  1981
s e a l e d  t u b e  
25 A p r i l  1981
Redox 
p o t e n t i a l  
By (mV)
530 5 2 4  » 326 ( 5 0  cm)
2 4 0  *
2 6 0  ( 5 0  cm)
DO m g / l 1 2 . 5 + 0 . 1 7 . 5 + 0 . 1  8 . 2 + 0 . 1 0  * 
“  ( 5 0  cm)
0 . 9 + 0 . 1  1 . 2 + 0 . 1  _ 
T 50  cm)
[P O ^ -P ]
m g / l
0 . 0 1 8 0 . 3 8 0  * 
0 . 3 7 0  ( 5 0  cm)
0 . 8 6 0  * 
0 . 8 3 0  ( 5 0  cm)
r K 0 , - K 3  ^  3 m g / l
1 . 0 2 1 . 8 5 1 . 5 5
0 .1 1 0 2 . 0
C o n d u c t i v i t y
umhos 495 5 50
5 4 0
A l k a l i n i t ym e g / l 2 . 7 0 4 . 6 0 4 . 2 0
pH 8 . 2 4 8 . 2 0 7 . 1 9
W a t e r
t e m p e r a t u r e 8°C Ï4°C 14°G
n o t e ; 50  a bove  t h e  s e d i m e n t
1 2 5 .
above  t h e  s e d i m e n t - w a t e r  i n t e r f a c e s  f r o m  t h e  0 . 7 5  m p e r s p e x  
t u b e s .
G e n e r a l l y  i t  i s  r e l a t i v e l y  d i f f i c u l t  t o  t a k e  t h e  r e a d i n g  
o f  DO c o n c e n t r a t i o n  a b o v e  t h e  mu(% p a r t i c u l a r l y  when t h e  
c o n c e n t r a t i o n  i s  lo w .  I t  i s  more c o n v e n i e n t  t o  u s e  r e d o x  
p o t e n t i a l  i n  p l a c e  o f  d i s s o l v e d  o x y g e n  i n  t h i s  p a r t i c u l a r  
c a s e .  F i g u r e  5 : 9  shows a  p o s s i b l e  c o r r e l a t i o n  b e t w e e n  t h e  
r e d o x  p o t e n t i a l  a n d  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n  
( y  = 8 .2 1  X + 2 4 5 ;  r  = 0 . 8 9 )  a n d  F i g u r e  5 : 1 0  shows t h e  
c o r r e l a t i o n  b e t w e e n  DO c o n c e n t r a t i o n  and  s o l u b l e  p h o s p h a t e  
c o n c e n t r a t i o n  ( y  = - 0 . 0 7 5  x  + 0 . 9 4 2 ;  r  = 0 . 9 9 8 5 ) .
2 . 6  E f f e c t s  o f  a d d e d  d u c k  d r o p p i n g s
The e f f e c t  o f  d u c k  d r o p p i n g s  i n  d i s t i l l e d  w a t e r  u n d e r  
a e r o b i c  and  a n a e r o b i c  c o n d i t i o n s  a r e  shown i n  T a b l e  3 : 7 .
F i g u r e  3 : 1 1 a  shows t h a t  t h e  r e d o x  p o t e n t i a l s  w e r e  r e a s o n a b l y  
low i n  t h e  a n a e r o b i c  c o n d i t i o n  co m p ared  w i t h  t h e  a e r o b i c  
c o n d i t i o n  ( a e r a t e d  t u b e ) .  F i g u r e  3 : 1 1 b  show s  t h a t  t h e  s o l u b l e  
p h o s p h a t e  was  g e n e r a l l y  h i g h  i n  th e  a e r a t e d  t u b e  c o m p ared  
w i t h  t h e  a n a e r o b i c  t u b e .
On t h e  o t h e r  h a n d ,  t h e  c o n d u c t i v i t y  and  t h e  s o l u b l e  
n i t r a t e  c o n c e n t r a t i o n  w e re  h i g h  i n  t h e  a n a e r o b i c  t u b e  c o m p a r e d  
w i t h  t h e  a e r o b i c  t u b e  w h i c h - i s  shown i n  F i g u r e  3 : 1 1 c and  
F i g u r e  3 : 1 I d .
2 : 7  The r a t e  o f  n u t r i e n t  r e l e a s e  f r o m  d i f f e r e n t  m a t e r i a l s
The c o m p a r a t i v e  s t u d i e s  on  t h e  f a l l  o f  r e d o x  p o t e n t i a l s  
i n  a n a e r o b i c  c o n d i t i o n s  an d  t h e  r e l e a s e  o f  n u t r i e n t s  w h i c h  
was o b s e r v e d  f r o m  a)  L o c h  K i l c o n q u h a r  s e d i m e n t ;  b )  Loch
FIGURE 5 : 9  
( o p p o s i t e )
A p o s s i b l e  c o r r e l a t i o n  b e t w e e n  r e d o x  p o t e n t i a l  
Ey i n  mVol+ and  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s  
i n  m g / l .  R e a d i n g s  w e r e  d e r i v e d  f r o m  T a b l e  
3 : 5  ( 0 . 7 5  m p e r s p e x  t u b e s ) .
FIG. 3:9
1 2 6 .
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PIQURE 5; 10 
( o p p o s i t e )
A c o r r e l a t i o n  U e t w e e n  d i s s o l v e d  o x y g e n  c o n c e n ­
t r a t i o n  an d  s o l u b l e  p h o s p h a t e  c o n c e n t r a t i o n  i n  
a  l a b o r a t o r y  e x p e r i m e n t  ( 0 . 7 5  m p e r s p e x  t u b e s ) .  
R e a d i n g s  w e re  d e r i v e d  f r o m  T a b l e  3 : 5 .
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FIGURE 3;11  
( o p p o s i t e )
a )  The r e d o x  p o t e n t i a l  an d  h )  t h e  c h a n g e s  i n  
s o l u b l e  p h o s p h a t e  c o n c e n t r a t i o n s  i n  a n
a e r a t e d  0 . 7 5  m p e r s p e x  t u b e  ( --------) a n d  a n
a n a e r a t e d  0 . 7 5  m p e r s p e x  t u b e  ( -------) .  E a c h
t u b e  was w e e k l y  a d d e d  w i t h  10 g o f  d u c k  
d r o p p i n g s .
1 2 9 .
FIG. 3:11faAh)
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FIGUES 3 :11
c) The c o n d u c t i v i t i e s  i n  umhos and  d)  t h e  
s o l u b l e  n i t r a t e  c o n c e n t r a t i o n s  i n  a n  a e r a t e d
0 . 7 3  ni p e r s p e x  t u b e  ( ------ ) an d  a n  a n a e r a t e d
0 , 7 5  ni p e r s p e x  t u b e  ( ------ ) .  B o t h  o f  t h e
t u b e s  w e r e  s u b j e c t e d  t o  10 o f  d u c k  d r o p p i n g s  
w e e k l y .
1 3 0 .
FIG. 3:11(c&d)
c )  Conductivity
4 0 0 0
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1 3 1 .
K i l c o n q u h a r  s e d i m e n t  ad d ed  w i t h  a  d u c k  d r o p p i n g ;  c)  10 g ra m s  
o f  d u c k  d r o p p i n g s ,  a n d  d) 10 g ra m s  o f  g u l l  d r o p p i n g s  a r e  
shown i n  T a b l e  3 : 8 a  ^ndi 3 : 8 b ,
F i g u r e  3 : 1 2 a  shows t h a t  w i t h  t h e  a d d i t i o n  o f  1 gm o f  
d u c k  d r o p p i n g  t o  t h e  l o c h  s e d i m e n t ,  t h e  r e d o x  p o t e n t i a l  
s u b s e q u e n t l y  d r o p p e d  a n d  F i g u r e  3 : 1 2 b  a l s o  shows t l a  t  a t  t h e  
same t i m e ,  t h e  n u t r i e n t  c o n c e n t r a t i o n s  i n  t h e  w a t e r  w e re  
h i g h e r  t h a n  t h a t  o f  t h e  l o c h  s e d i m e n t .
The r e d o x  p o t e n t i a l s  d r o p p e d  b e l o w  t h e  t r a n s i t i o n  l e v e l  
o f  By240 mV f o r  t h e  d u c k  a n d  t h e  g u l l  d r o p p i n g s  a r e  shown 
i n  F i g u r e  3 : 1 2 c ,  a n d  a t  t h e  same t i m e  t h e r e  was  a  r e l e a s e  
o f  l a r g e  q u a n t i t i e s  o f  n u t r i e n t s  i n  t h e  o v e r l y i n g  w a t e r ,  a s  
shown i n  F i g u r e  3 : 1 2 d ,
1 3 2 .
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FIGURE 5 ; 1 2 a  
( o p p o s i t e )
The r e l e a s e  of* s o l u b l e  p h o s p h a t e  an d  s o l u b l e  
n i t r a t e  c o n c e n t r a t i o n s  i n t o  t h e  o v e r l y i n g
d i s t i l l e d  w a t e r  f r o m  a  l o c h  s e d i m e n t  ( --------)
an d  a  l o c h  s e d i m e n t  a d d e d  w i t h  d u c k  d r o p p i n g
( -------) •  T h i s  was  due  t o  t h e  d r o p  i n  r e d o x
p o t e n t i a l ,  ( I n i t i a l  r e a d i n g s  w e re  t a k e n  a f t e r  
f i v e  d a y s . )
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FIGURE 3 : 1 2 b  
( o p p o s i t e )
The  r e l e a s e  of* s o l u b l e  p h o s p h a t e  an d  s o l u b l e  
n i t r a t e  c o n c e n t r a t i o n s  i n t o  t h e  d i s H L l e d  w a t e r
f r o m  d u c k  d r o p p i n g s  ( ------- ) a n d  g u l l  d r o p p i n g s
( -------) •  T h i s  i s  due  t o  t h e  d r o p  i n  r e d o x
p o t e n t i a l s .
1 3 5 .
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3 . 5) DISCUSSION
H a r t  e t  a l  ( 1 9 7 6 )  a n d  S l a t e r  and  Boag ( 1 9 7 8 )  s t a t e d  t h a t  
a  l a r g e  p o o l  of* p h o s p h o r u s  i s  s t o r e d  i n  l a k e  s e d i m e n t  w h i c h  
e x i s t s  i n  a  v a r i e t y  of* f o r m s  a n d ,  u n d e r  c e r t a i n  c o n d i t i o n s ,  
may u n d e r g o  c h e m i c a l  a n d  h i l o g i c a l  t r a n s f o r m a t i o n s .  E v e n ­
t u a l l y  i t  may b e  r e l e a s e d  f ro m  t h e  s e d i m e n t  t o  t h e  w a t e r  
co lum n,  a n d  t h u s  becom e  a v a i l a b l e  f o r  p h y t o p l a n k t o n  p r o ­
d u c t i o n .
N u t r i e n t s  r e l e a s e d  f r o m  a  l o c h  s e d i m e n t  i n  t h i s  m an n er
p l a y  a  s i g n i f i c a n t  r o l e  i n  l a k e  p r o d u c t i v i t y .  As o b s e r v e d
by  S l a t e r  a n d  B oag  ( 1 9 7 8 ) ,  s t u d i e s  i n  one  o f  t h e i r  l a k e s
showed t h a t  t h e  d i v e r s i o n  o f  s ew a g e  f r o m  t h e  l a k e  p r o d u c e d
no t a n g i b l e  im p r o v e m e n t  i n  a l g a l  p r o b l e m s  o r  w a t e r  q u a l i t y
u n t i l  t h e  u p p e r  l a y e r  o f  t h e  s e d i m e n t  was rem o v ed  b y  d r e d g i n g .
I n  L o ch  K i l c o n q u h a r ,  d u r i n g  t h e  w o rk  on  t h i s  t h e s i s  i t
was o b s e r v e d  t h a t  a t  l e a s t  on ce  a  y e a r  t h e r e  was a  s u b s t a n t i a l
n u t r i e n t  r e l e a s e  f r o m  t h e  s e d i m e n t  i n t o  t h e  l o c h  w a t e r ,  i n
e a r l y  au tu m n  i n  t h e  y e a r  1979 an d  t h e  m i d d l e  o f  summer i n  t h e
y e a r  1 9 8 0 ,  On b o t h  o c c a s i o n s  t h e  r e l e a s e  o c c u r r e d  a f t e r  t h e
m a s s iv e  c o l l a p s e  o f  a l g a l  b l o o m s .
The d e c o m p o s i t i o n  o f  o r g a n i c  m a t t e r  on t h e  l o c h  s e d i m e n t
s t a r t e d  t o  i n c r e a s e  r a p i d l y  i n  s p r i n g  w i t h  t h e  r i s e  o f
t e m p e r a t u r e .  A c c o r d i n g  t o  Vamos a n d  T a s u a d i  ( 1 9 7 3 )  u n d e ra
o p t i m a l  c i r c u m s t a n c e s  w i t h / s u f f i c i e n t  s u p p l y  o f  o r g a n i c  
m a t e r i a l s ,  m i c r o - o r g a n i s m s  r a p i d l y  p r o l i f e r a t e  and  t h e i r  
number may e v e n  r e a c h  more  t h a n  a  h u n d r e d  o r  t h o u s a n d  t i m e s  
t h e  o r i g i n a l  a m o u n t .
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A p p a r e n t l y ,  i n  L o c h  K i l c o n q u h a r ,  t h e r e  i s  an  a b u n d a n t  
amount  o f  o r g a n i c  m a t t e r  on t h e  l a k e  b o t t o m .  T h i s  i s  d e r i v e d  
f r o m  b i r d  d r o p p i n g s  a n d  a l s o  a  s u s t a i n e d  am oun t  o f  d e c a y i n g  
p l a n t  m a t e r i a l ,  m a i n l y  f r o m  t h e  s u d d e n  c o l l a p s e  o f  a l g a l  
b l o o m s .
The o r g a n i c  m a t t e r  i s  d eco m p o se d  b y  m ic r o  o r g a n i s m ,  w h i c h  
i n  t h e  i n i t i a l  s t a g e ,  c r e a t e s  a  h i g h  o x y g e n  dem and .  The f i n a l  
r e s u l t  i s  t h e  d e v e l o p m e n t  o f  o x y g e n  d e f i c i t  i n  t h i s  f e r t i l e  
l o c h ,  e s p e c i a l l y  l a t e  a t  n i g h t  d u r i n g  summer when t h e  o x y g e n  
s u p p l i e d  d u r i n g  t h e  day  b y  p h o t o s y n t h e s i s i n g  p h y t o p l a n k t o n  
and  p l a n t s ,  h a s  r u n  o u t .
As we m i g h t  t h e r e f o r e  e x p e c t ,  i n  L o c h  K i l c o n q u h a r ,  s u c h  
d e f i c i t s  have  now b e e n  f o u n d  m a i n l y  d u r i n g  t h e  n i g h t .  F o r  
e x a m p le ,  on  28 A u g u s t  1980  a t  2 a .m .  ( 0 2 0 0  h r s . )  t h e  DO 
c o n c e n t r a t i o n  i n  s h a l l o w  w a t e r  b y  t h e  b o a t  h o u s e  f e l l  t o  0 . 3 5  
m g / l  co m pared  w i t h  a  s a t u r a t i n g  c o n c e n t r a t i o n  o f  10 m g / l ,  a t  
1 5°C w a t e r  t e m p e r a t u r e ^ ( N .  S t r a h l e r  an d  H. S t r a h l e r ,  1 9 7 4 ) .
A t  t h e  same t i m e ,  t h e  s o l u b l e  p h o s p h a t e  was o b s e r v e d  t o  
b e  r e a s o n a b l y  h i g h  d u r i n g  summer,  p a r t i c u l a r l y  a f t e r  t h e  
c o l l a p s e  o f  m a s s i v e  a l g a l  b l o o m s ,  M o r t i m e r  (1 9 7 1 )  h a s  shown 
t h a t  a d e c l i n e  i n  o x y g e n  c o n c e n t r a t i o n  c a n  b e  c o r r e l a t e d  w i t h  
t h e  t r a n s f e r  o f  s u b s t a n t i a l  q u a n t i t i e s  o f  p h o s p h a t e .
O xygen  d e f i c i t s  i n c r e a s e  t h e  r a t e  o f  r e l e a s e  o f  p h o s p h a t e  
f r o m  t h e  s e d i m e n t ,  a n d  s e d i m e n t  p h o s p h a t e  i s  e n r i c h e d  b y  b i r d  
d r o p p i n g s ,  d e a d  p h y t o p l a n k t o n  and  p l a n t s .  I t  i s  a l s o  n o t e d ,  
h o w e v e r ,  t h a t  u n d e r  a n a e r o b i c  c o n d i t i o n s  i n  t h e  l a b o r a t o r y ,  
c o n s i d e r a b l e  p h o s p h a t e  r e l e a s e  was i n v e r s e l y  p r o p o r t i o n a l  t o  
t h e  d r o p  i n  DO c o n c e n t r a t i o n  ( r  = - 0 . 9 9 8 5 ) .
The g u l l  a n d  d u c k  d r o p p i n g s  w e re  o b s e r v e d  t o  r e l e a s e
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5 . 8 0  m g / l  a n d  4 . 4 0  m g / l  of* PO^-P  i n t o  t h e  d i s t i l l e d  w a t e r  
w i t h i n  f i v e  d a y s  u n d e r  a n a e r o b i c  c o n d i t i o n s .  S u ch  d r o p p i n g s  
c a n  p r o d u c e  1 . 1 6  m g / l  an d  0 , 8 8  m g / l  o f  CpO ^ - : ^  p e r  d a y  
r e s p e c t i v e l y ,  a  v e r y  h i g h  r e l e a s e  r a t e .
M a t h i a s  and  B a r i c a  ( 1 9 8 0 ) c o n c l u d e d  t h a t  t h e  s e d i m e n t  
o f  e u t r o p h i c  l a k e s  co n su m ed  o x y g e n  a b o u t  3 t i m e s  f a s t e r  
( 0 . 2 3  g  m ^ d ^ ) t h a n  t h o s e  o f  o l i g o t r o p h i a  l a k e s  (O.O8 g 
m ^ d  ^ ) b u t  w a t e r  co lu m n  r e s p i r a t i o n  was  a b o u t  t h e  same 
( 0*01  g  m ^ ) f o r  b o t h  g r o u p s  o f  l a k e s .  T h i s  s t a t e m e n t
s u g g e s t s  t h a t  t h e  d e p l e t i o n  i n  o x y g e n  i s  m a i n l y  du e  t o  t h e  
h i g h  u t i l i z a t i o n  o f  o x y g e n  i n  t h e  l o c h  s e d i m e n t  r a t h e r  t h a n  
t h e  l o c h  w a t e r .
G i d d i n g s  ( 1 9 7 3 )  s t r e s s e d  t h e  i m p o r t a n c e  o f  o x y g e n  when 
he  s t a t e d  t h a t  w h e t h e r  i n  t h e  a t m p s p h e r e  o r  i n  t h e  w a t e r ,  i t  
c r e a t e s  a  s t r o n g  o x i d i z i n g  e n v i r o n m e n t .  Many s u b s t a n c e s  t h a t  
a r e  f o u n d  i n  w a t e r  a r e  p r o f o u n d l y  c h a n g e d  b y  o x i d a t i o n .
R e d u c e d  n i t r o g e n  e x i s t s  a s  ammonia (NH^) a n d  v a r i o u s  a m in e s  
(R -N H g ) . O x i d i z e d  n i t r o g e n  b eco m es  t h e  r e l a t i v e l y  d o c i l e  
n i t r a t e  i o n  (NO^-) . The p a r t l y  r e d u c e d  f o r m  o f  i r o n  ( P e )  
i s  i r o n  ( l l )  i o n ,  P e ^ ^ .  Compounds o f  i r o n  (1 1 )  a r e  f a i r l y  
s o l u b l e  i n  w a t e r .  I r o n  ( i l l )  com pounds ,  w h i c h  o c c u r  i n  
a e r o b i c  w a t e r ,  a r e  n o t  u s u a l l y  s o l u b l e  i n  t h e  w a t e r .
The s h a r p  d e c r e a s e  i n  DO c o n c e n t r a t i o n  c o r r e s p o n d e d  t o  t h e  
f a l l  o f  r e d o x  p o t e n t i a l .  So f a r  a s  t h e  m u d - w a t e r  i n t e r f a c e  
i s  c o n c e r n e d ,  c o n d i t i o n s  g o v e r n i n g  t h e  Pe^*^/Pe^ ’^  r e d o x  s t a t e  
a r e  t h e  m os t  i m p o r t a n t .  I n d e e d  i t s  m o s t  c o n s p i c u o u s  r e g u ­
l a t o r y  f e a t u r e  i s  t h e  o x y g e n  c o n t e n t  o f  t h i s  i n t e r f a c e .
T h i s  i n  t u r n  i s  r e g u l a t e d  b y  t h e  r a t e  o f  o x y g e n  s u p p l y  t o  t h e  
s u r f a c e  and  t h e  r a t e  o f  o r g a n i c  d e c o m p o s i t i o n .  The c o n t r o l
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u l t i m a t e l y  i s  m i c r o b i o l o g i c a l .
Two p i o n e e r s  i n  t h i s  w o r k ,  P e a r s a l l  an d  M o r t i m e r  (1 9 3 9 )  
p o i n t e d  o u t  t h a t  a  m a rk e d  f a l l  i n  p o t e n t i a l ,  t h e  c h a n g e - o v e r  
f r o m  o x i d i z i n g  t o  r e d u c i n g  c o n d i t i o n s ,  o n l y  t a k e s  p l a c e  a t  
lovf o x y g e n  c o n c e n t r a t i o n s .  M o r t i m e r  ( l 9 U l )  a n d  M o r t i m e r  ( 1 9 4 2 )  
s t a t e d  t h a t  th e  t r a n s i t i o n  p o i n t  b e t w e e n  o x i d i z i n g  an d  
r e d u c i n g  s t a t e s  i s  a r o u n d  t h e  r e d o x  p o t e n t i a l  o f  230 mVolt  
and  DO c o n c e n t r a t i o n  o f  a p p r o x i m a t e l y  0 . 3  m g / l .
As shown i n  T a b l e  3 : 9  t h e  r e d o x  p o t e n t i a l  on  t h e  s e d i m e n t -  
w a t e r  i n t e r f a c e  o f  L o c h  K i l c o n q u h a r  i s  r a t h e r  low  com pared  
w i t h  o t h e r  l a k e s .  T h i s  i s  p o s s i b l y  due  t o  t h e  h i g h l y  r e d u c e d  
s t a t e  o f  L o ch  K i l c o n q u h a r  s e d i m e n t ,  a s  s t a t e d  b e f o r e ,  b e c a u s e  
o f  t h e  c o n s i d e r a b l e  a m o u n t s  o f  o r g a n i c  m a t e r i a l  on i t .
As i n d i c a t e d  b y  Howe ,  H o w a r th ,  T e a l . a n d  V a l i e l a  (1 9 8 1 )  
a  w a t e r  p l a n t  g r o w i n g  on  a  l a k e  s e d i m e n t  c a n  t o  a  c e r t a i n  
e x t e n t  h e l p  t o  i n c r e a s e  t h e  r e d o x  p o t e n t i a l  i n  t h a t  e n v i r o n ­
m en t ,  i n d i r e c t l y  p r e v e n t i n g  n u t r i e n t  r e l e a s e  f r o m  a  s e d i m e n t ,  
w h i l e  t h e y  a l s o  o b s e r v e d  t h a t  i n  p l a c e s  w i t h o u t  p l a n t  g r o w t h ,  
t h e  r e d o x  p o t e n t i a l  i n  t h e  mud was c o m p a r a t i v e l y  lo w .
I t  i s  i n t e r e s t i n g  t o  n o t e  f r o m  T a b l e  3 : 1 0  t h a t  t h e
a d d i t i o n  o f  d u ck  d r o p p i n g s  t o  Loch  K i l c o n q u h a r  s e d i m e n t  r e d u c e d  
t h e  r e d o x  p o t e n t i a l  b y  110 m V o l t .  The r e s u l t  a l s o  i n d i c a t e d
t h a t  t h e  p o t e n t i a l s  o f  d u c k  and  g u l l  d r o p p i n g s  w e r e  v e r y  lo w
an d  a lw a y s  i n  t h e  r e d u c e d  s t a t e .
The summary o f  n u t r i e n t s  r e l e a s e d  f r o m  t h e  L o c h  K i l c o n ­
q u h a r  s e d i m e n t  i s  shown i n  F i g u r e  3 : 1 1 .  The same phenomenon  
was o b s e r v e d  b y  O l a h  (1 9 7 5 )  i n  a  s h a l l o w  o v e r - l o a d e d  l a k e  i n  
H u n g a ry .  The  m o s t  i m p o r t a n t  p o i n t  i n  t h i s  p a r t i c u l a r  c a s e  
i s  t h e  i n i t i a l  i n c r e a s e  o f  i n p u t  o f  o r g a n i c  m a t t e r  i n t o  t h e
1 4 0 .
l o c h .  T h i s  i s  m a i n l y  d u e  t o  t h e  a r r i v a l  o f  t h e  l a r g e  
p o p u l a t i o n  o f  b i r d s  t o  t h i s  l o c h ,  maybe a  d e c a d e  ago  o r  p o s s i b l y  
m ore .
1 4 1 .
TABLE 5 ; 9
R edox  p o t e n t i a l  r e a d i n g s  (Ey) t a k e n  f r o m  s e d i m e n t  
w a t e r  i n t e r f a c e s  f r o m  v a r i o u s  l a k e s .
No. L a k e By mVolt R e f e r e n c e
1) L a k e  G e o rg e  (U ganda) +225 V i n e r  ( 1 9 7 5 )
2) G o o l a r  L ak e  ( S i n a i ,  I s r a e l ) +350 C ohen  e t  a l .  ( 1 9 7 5 )
3) E n n e r d a l e  W a t e r  (L ak e  D i s t r i c t ,  E n g l a n d ) +510 M o r t i m e r  ( 1 9 4 2 )
4) Crummock W a t e r  (L a k e  D i s t r i c t ,  E n g l a n d ) +510 M o r t i m e r  ( 1 9 4 2 )
5) W i n d e r m e r e ,  N o r t h  B a s i n ,  (L ak e  D i s t r i c t ,  E n g l a n d ) +500 M o r t i m e r  ( 1 9 4 2 )
6) S o u t h p o r t  po n d  ( C a n a d a ) +240 H a y e r s  e t  a l . ( 1 9 5 8 )
7) P u n c h  Bowl (C a n a d a ) +300 H a y e r s  e t  a l .  ( 1 9 5 8 )
8) C o p p e r  Lak e  (C a n ad a ) +400 H a y e r s  e t  a l .  ( 1 9 5 8 )
9) L i l y  L ake  ( C a n a d a ) +350 H a y e r s  e t  a l .  ( 1 9 5 8 )
10) L o c h  K i l c o n q u h a r  ( F i f e ,  
S c o t l a n d )  ( 2 5 / 3 / 8 1 )
+260 1981 ( t h i s  s t u d y )
1 4 2 .
TABLE 3 : 1 0  
Redo
s u r f a c e  o f  t h e s e  m a t e r i a l s .
x  p o t e n t i a l  r e a d i n g s  (By) 0 , 5  cm b e l o w  t h e
- ---------
No , M a t e r i a l By mVolt R e f e r e n c e
1) T a l l  C r e e k  Bank ( S p a r t i n a  a l t e r n i f l o r a )
+400 Howe e t  a l .  ( 1 9 8 1 )
2) S h o r t  C r e e k  Bank  ( S p a r t i n a  a l t e r n i f l o r a )
+ 250 Howe a t  a l .  ( 1 9 8 1 )
4) F e r t i l i z e d  a r e a  ( G r e a t  S i p p e w i s s e t  S a l t  M a r s h  -  
w i t h o u t  p l a n t )
+ 550 Howe e t  a l .  ( 1 9 8 1 )
5) U n f e r t i l i z e d  a r e a  ( G r e a t  S i p p e w i s s e t  S a l t  M a r s h  -  
w i t h o u t  p l a n t )
0 Howe e t  a l .  ( 1 9 8 1 )
6) L o c h  K i l c o n q u h a r  s e d i m e n t
+ 2 6 0 1981 ( t h i s  s t u d y )
7) L o c h  K i l c o n q u h a r  s e d i m e n t  w i t h  d u c k  
d r o p p i n g  on  t o p
+ 150 1981 ( t h i s  s t u d y )
8) D uck  d r o p p i n g - 1 0 1981 ( t h i s  s t u d y )
9) G u l l  d r o p p i n g - 3 0 1981 ( t h i s  s t u d y )
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FIGURE 3 :1 1
The n u t r i e n t  r e l e a s e  f r o m  L o c h  K i l c o n q u h a r  s e d i m e n t .
S t a r t
i n c r e a s e d  o x y g e n  
c o n s u m p t i o n
f u r t h e r  i n c r e a s e  
i n  o r g a n i c  
p r o d u c t i o n
i n c r e a s e d  o r g a n i c  
p r o d u c t i o n
f u r t h e r  i n c r e a s e  i n  r e l e a s e  o f  
n u t r i e n t  f r o m  r e d u c e d  s e d i m e n t
i n c r e a s e d  p e r i o d s  
o f  r e d u c e d  
s e d i m e n t  s u r f a c e
f u r t h e r  i n c r e a s e  
i n  o x y g e n  
c o n s u m p t i o n
i n c r e a s e d  r e l e a s e  
o f  n u t r i e n t  f r o m  
r e d u c e d  s e d i m e n t
i n c r e a s e d  i n p u t  o f  
o r g a n i c  an d  i n o r g a n i c  n u t r i e n t s
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3 . U)  CONCLUSION
The r e s u l t s  show t h a t  d i s s o l v e d  o x y g e n  i s  g e n e r a l l y  low  
i n  b o t h  l o c h s  i n  summer.  H ow ever ,  i n  L o c h  K i l c o n q u h a r  on  
s e v e r a l  o c c a s i o n s  d u r i n g  t h e  m a s s i v e  c o l l a p s e  o f  a l g a l  b l o o m s ,  
t h e  d i s s o l v e d  o x y g e n  d r o p p e d  s h a r p l y  t o  b e l o w  3 . 6  m g / l  d u r i n g  
t h e  d a y  a t  S t a t i o n  A. F u r t h e r  d r o p s  t o  b e l o w  1 m g / l  w e re  
o b s e r v e d  a t  n i g h t  and  a t  t h e  same t i m e  t h e  s o l u b l e  p h o s p h a t e  
c o n c e n t r a t i o n  was  h i g h .  I t  i s ,  t h e r e f o r e ,  c o n c l u d e d  t h a t  i n  
L och  K i l c o n q u h a r  n u t r i e n t  r e l e a s e  g e n e r a l l y  o c c u r r e d  a t  n i g h t  
i n  summer,  p a r t i c u l a ? H y a f t e r  t h e  c o l l a p s e  o f  a n  a l g a l  b l o o m .
R e s u l t s  f r o m  a s e r i e s  o f  e x p e r i m e n t s  i n  t h e  l a b o r a t o r y  
c o n f i r m e d  t h a t  u n d e r  a n a e r o b i c  c o n d i t i o n s ,  s u b s t a n t i a l  a m o u n t s  
o f  n u t r i e n t s  c o u l d  b e  r e l e a s e d  f r o m  L o c h  K i l c o n q u h a r  s e d i m e n t  
i n t o  t h e  w a t e r ,  g e n e r a l l y  when t h e  d i s s o l v e d  o x y g e n  d r o p p e d  
b e lo w  1 m g / l  and  t h e  r e d o x  p o t e n t i a l  f e l l  t o  a r o u n d  21+0 m V o l t .
S u b s t a n t i a l  a m o u n ts  o f  o r g a n i c  m a t t e r  s u c h  a s  b i r d  d r o p p i n g s  
and d e c a y i n g  p l a n t  m a t e r i a l s  a r e  n e e d e d  t o  p r o m o t e  b a c t e r i a l  
a c t i v i t y  i n  l a k e  s e d i m e n t  and  may i n  t u r n  c a u s e  s u r f a c e  s e d i m e n t  
t o  be  i n  a  r e d u c e d  s t a t e .  E x p e r i m e n t a l  r e s u l t s  show t h a t  
b i r d  d r o p p i n g s  c a n  h e l p  r e d u c e  r e d o x  p o t e n t i a l  o f  t h e  
s e d i m e n t  a n d  t h e r e f o r e  i n d i r e c t l y  i n i t i a t e  n u t r i e n t  r e l e a s e  
f r o m  t h a t  s e d i m e n t .
I t  i s  c o n c l u d e d  t h a t  b i r d  d r o p p i n g s  i n d e e d  p l a y  a  m a j o r  
role i n  t h e  L o c h  K i l c o n q u h a r  e c o s y s t e m ,  p a r t i c u l a r l y  i t s  
n u t r i e n t  s t a t u s .  N o t  o n l y  a r e  t h e y  one  o f  t h e  m a j o r  c o n ­
t r i b u t o r s  o f  n u t r i e n t  s u c h  a s  p h o s p h a t e  i n  t h e  l o c h ,  b u t  t h e y  
a l s o  h e l p  r e g u l a t e  t h i s  n u t r i e n t  c y c l e  i n  t h e  l o c h .
A l t h o u g h  on s e v e r a l  o c c a s i o n s  a m m o n i u m - n i t r o g e n  [NH^^-nJ
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was a n a l y s e d  f r o m  b o t h  l o c h s ,  i t  was n o r m a l l y  b e l o w  t h e  l i m i t  
o f  d e t e c t i o n ,  b u t  v e r y  m i n u t e  q u a n t i t i e s  w e r e  f o u n d  d u r i n g  
summer i n  L o c h  K i l c o n q u h a r .  H o w ev e r ,  u n d e r  a n a e r o b i c  
c o n d i t i o n s  and  r e d u c e d  s t a t e s  i n  t h e  l a b o r a t o r y  e x p e r i m e n t s ,  
s u b s t a n t i a l  a m o u n ts  o f  NH^-N was f o u n d  i n  t h e  w a t e r .
GENERAL GONCL USIONS
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GENERAL CONCLUSIONS
P h o s p h a t e  a n d  a l g a l  L l o o m s
I t  i s  c o n c l u d e d  t h a t  p h o s p h a t e ,  p a r t i c u l a r l y  i n  t h e  
s o l u b l e  f o r m  i s  t h e  s i n g l e  m o s t  e s s e n t i a l  n u t r i e n t  i n  f r e s h ­
w a t e r  and  t h a t  i t s  p r e s e n c e  w i l l  o b v i o u s l y  have  a  s i g n i f i c a n t  
e f f e c t  on o v e r a l l  l a k e  p r o d u c t i v i t y .  Thus  i n  L o c h  K i l c o n -  
q u h a r  t h e  s u c c e s s i v e  o c c u r r e n c e s  o f  a l g a l  b lo o m s  i n  summer a n d  
au tum n  1980 w e r e  m a i n l y  d u e  t o  t h e  c o n t i n u i n g  h i g h  s o l u b l e  
p h o s p h a t e  c o n c e n t r a t i o n s  i n  t h e  l o c h  w a t e r .
To t r i g g e r  a  m a s s i v e  b l u e  g r e e n  a l g a l  g r o w t h  i n  t h e  
warm c o n d i t i o n s  o f  s p r i n g  a t  l e a s t  0 .0 1  m g / l  so lub le  p h o s p h a t e  
i s  n e e d e d .  S i n c e ,  h o w e v e r ,  t h e  s o l u b l e  p h o s p h a t e  c o n c e n ­
t r a t i o n  i n  L o c h  K i l c o n q u h a r  was a l r e a d y  w e l l  above  t h a t  t h r e s h ­
o l d ,  t h e  A n a b a e n a  b lo o m  a p p e a r e d  much e a r l i e r  i n  t h e  s e a s o n .
A n o t h e r  i n t e r e s t i n g  p o i n t  i s  t h e  o c c u r r e n c e  o f  a 
S t e p h a n o d i s c u s  b l o o m  i n  w i n t e r  when m ost  o f  t h e  l o c h  was 
i n t e r m i t t e n t l y  f r o z e n .  T h i s  c l e a r l y  i n d i c a t e s  t h a t ,  w i t h  a n  
ample  s u p p l y  o f  n u t r i e n t s ,  p a r t i c u l a r l y  p h o s p h a t e  and  s i l i c a ,  
t h i s  d i a t o m  g ro w s  w e l l  i n  s p i t e  o f  low  w a t e r  t e m p e r a t u r e  an d  
l i g h t  i n t e n s i t y ,  a n d  s h o r t  d a y s .
On t h e  o t h e r  h a n d ,  no b l u e  g r e e n  a l g a l  b lo o m  o c c u r r e d  i n  
L o ch  L i n d o r e s  i n  1 9 8 0 .  T h i s  i s  c o n t r a r y  t o  e x p e c t a t i o n  f o r  
a n  a p p a r e n t l y  e u t r o p h i c  l o c h .  A l t h o u g h  t h e  l o c h  was  r e a s o n a b l y  
h i g h  i n  o t h e r  n u t r i e n t s  s u c h  a s  n i t r a t e ,  t h e  s o l u b l e  p h o s p h a t e  
c o n c e n t r a t i o n s  w e r e  g e n e r a l l y  s m a l l  a n d ,  mœ t  o f  t h e  t i m e ,  
b e l o w  t h e  l i m i t  o f  d e t e c t i o n ,  e s p e c i a l l y  i n  ^  r i n g  1 9 8 0 .
T h e se  p o i n t s  s t r o n g l y  s u g g e s t  t h a t  low p h o s p h a t e  c o n c e n t r a t i o n  
i s  t h e  f a c t o r  p r e v e n t i n g  b l u e  g r e e n  a l g a l  b lo o m s  o c c u r r i n g
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i n  t h i s  l o c h .
S o u r c e  o f  p h o s p h a t e  i n  L p c h  K i l c o n g u h a r
Prom t h e  r e s u l t s  an d  r e f e r e n c e s  c i t e d  i n  C h a p t e r  2 ,  i t  i s  
c o n c l u d e d  t h a t  d u c k  a n d  g u l l  d r o p p i n g s  w h i c h  a r e  r i c h  i n  
p h o s p h a t e ,  a r e  a  m a j o r  s o u r c e  o f  t h i s  n u t r i e n t  i n  L o c h  
K i l c o n q u h a r .  (H o w e v e r ,  a  s m a l l  q u a n t i t y  o f  p h o s p h a t e  i s  
a l s o  b r o u g h t  down b y  t h e  i n f l o w ,  w h i c h  d r a i n s  f r o m  t h e  a r a b l e  
l a n d  i n t o  t h e  l o c h . )
The d a i l y  e x c r e t i o n  f r o m  t h e s e  b i r d s  i s  m o s t l y  s e d i m e n t e d  
nn t h e  l o c h  b o t t o m ,  b u t  a  s m a l l  p e r c e n t a g e  i s  d i r e c t l y  s o l u b l e  
i n  w a t e r ,  p a r t i c u l a r l y  f r o m  t h e  g u l l .  E v e n t u a l l y  a n d  p r o b a b l y  
i n  p a r t  a s  a  r e s u l t  o f  h i g h l y  l a b i l e  o r g a n i c  m a t t e r  c o n t r i b u t e d  
b y  t h e s e  b i r d  d r o p p i n g s ,  t h e  s e d i m e n t  b e c o m e s  i n t e r m i t t e n t l y  
a n a e r o b i c  i n  summer,  t h u s  f a c i l i t a t i n g  t h e  o b s e r v e d  p h o s p h a t e  
r e l e a s e .
Prom t h e  a b o v e  f a c t s .  L o c h  K i l c o n q u h a r  a p p e a r s  t o  b e  
a f f e c t e d  b y  a  r a t e  o f  n a t u r a l  e u t r o p h i c a t i o n  w h i c h  i s  s i m i l a r  
t o  c u l t u r a l  e u t r o p h i c a t i o n .  So i t  i s  n o t  s u r p r i s i n g  t h a t  
t h i s  l o c h  shows s i g n s  o f  " a g e i n g "  ( o v e r - e u t r o p h i c a t i o n )  w i t h  
f r e q u e n t  o c c u r r e n c e  o f  u n d e s i r a b l e  b lo o m s  and  m a s s i v e  g r o w t h  
o f  w a t e r  p l a n t s  a s s o c i a t e d  e l s e w h e r e  w i t h  " c u l t u r a l  e n r i c h m e n t " .
P h o s p h a t e  r e l e a s e  f r o m  L och  K i l c o n q u h a r  s e d i m e n t
The m a s s i v e  A n a b a e n a  b lo o m  w h i c h  fo r m e d  a  t h i c k  s u s p e n s i o n  
i n  t h e  s u r f a c e  l a y e r  a n d  a l m o s t  c o v e r e d  t h e  e n t i r e  l o c h  
s u r f a c e  i n  summer ,  d u e  t o  t h e  u n f a v o u r a b l e  c i r c u m s t a n c e s  
s t a r t e d  t o  c o l l a p s e  an d  d e c a y .
The s u d d e n  c o l l a p s e  o f  t h i s  a l g a l  b l o o m  had c a u s e d  a
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l a r g e - s c a l e  d e p l e t i o n  o f  o x y g e n  i n  t h e  l o c h .  As a r e s u l t  
t h e  DO c o n c e n t r a t i o n s  w e r e  p a r t i c u l a r l y  low a t  t h i s  t i m e  o f  t h e  
y e a r  an d  r e a c h e d  a  minimum o f  3 . 5  m g / l  d u r i n g  t h e  d a y  on  
3 r d  J u l y  I 9 8 O.
A t  t h e  same t i m e ,  t h e  s o l u b l e  p h o s p h a t e  c o n c e n t r a t i o n  
was p a r t i c u l a r l y  h i g h  i n  t h e  l o c h  w a t e r .  S i m i l a r  r e s u l t s  
w e re  a l s o  o b t a i n e d  f r o m  a  s e r i e s  o f  e x p e r i m e n t s  d one  i n  t h e  
l a b o r a t o r y ,  i n  w h i c h  i t  l e a d s  t o  a  p o s s i b l e  c o n c l u s i o n  t h a t  
t h e  d r o p  o f  DO c o n c e n t r a t i o n  t o  1 m g / l  o r  l e s s ,  and  t h e  f a l l  
o f  r e d o x  p o t e n t i a l  Ey  t o  240 mVolt  o r  b e l o w  w i l l  r e s u l t  i n  
t h e  s u b s t a n t i a l  r e l e a s e  o f  p h o s p h a t e  f r o m  t h e  l o c h  s e d i m e n t  
i n t o  t h e  w a t e r .
I t  s h o u l d  b e  c o n c l u d e d  t h a t  t h e  d e n s e  b i r d  p o p u l a t i o n s  
h av e  p l a y e d  a  s i g n i f i c a n t  r o l e  i n  t h e  e n r i c h m e n t  o f  L o c h  
K i l c o n q u h a r .  T hey  h e l p  t o  f e r t i l i z e  t h e  l o c h  t h r o u g h  t h e i r  
d r o p p i n g s  an d  a l s o  h e l p  t o  i n i t i a t e  t h e  n u t r i e n t s  r e l e a s e d  
f r o m  t h e  l o c h  s e d i m e n t  ( F i g u r e  4 : 1 ) .
FIGURE 4 :1  
( o p p o s i t e )
The p h o s p h a t e  c y c l e  i n  L o c h  K i l c o n q u h a r .  I t  
s h o u l d  h e  n o t e d  t h a t  p h y t o p l a n k t o n  c a n  o n l y  
u t i l i z e  p h o s p h a t e  i n  t h e  fo r m  o f  SRP ( S o l u b l e  
R e a c t i v e  P h o s p h a t e  ; o r t h o p h o s p h a t e  P O ^ - P ) •
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A g r i c u l t u r e !
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S e d i m e n t
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SUMMARY
The h i g h  s o l u b l e  r e a c t i v e  p h o s p h a t e  c o n c e n t r a t i o n  i n  
t h e  w a t e r  .and a l s o  t h e  f r e q u e n t  o c c u r r e n c e  o f  m a s s i v e  a l g a l  
b lo o m s  i n  warm c o n d i t i o n s  i n d i c a t e  t h a t  L o c h  K i l c o n q u h a r  i s  
more  e u t r o p h i c  t h a n  L o c h  L i n d o r e s ,  The f o l l o w i n g  p o i n t s  
s u m m a r i z e  t h e  r e s u l t s  f r o m  f i e l d  w o rk  i n  b o t h  l o c h s  a n d  a l s o  
s e v e r a l  e x p e r i m e n t s  c o n d u c t e d  i n  t h e  l a b o r a t o r y .
a )  L o c h  L i n d o r e s
1 ) A l t h o u g h  L o c h  L i n d o r e s  i s  c o n s i d e r e d  a  e u t r o p h i c  l o c h ,  
t h e  s o l u b l e  p h o s p h a t e  i n  t h e  l o c h  i s  low  c o m p a r e d  w i t h  
o t h e r  n u t r i e n t s  ( f o r  e x a m p l e  n i t r a t e  and  s i l i c a ) .  No 
n u t r i e n t  r e l e a s e  f r o m  t h e  s e d i m e n t  was o b s e r v e d  d u r i n g  
t h e  s t u d y  p e r i o d .  T h i s  p o s s i b l y  e x p l a i n s  why t h e  
s o l u b l e  p h o s p h a t e  i n  L o c h  L i n d o r e s  w a t e r  was s o  lo w ,
2) The d r a i n a g e  i n f l o w  f r o m  t h e  a g r i c u l t u r a l  a r e a  h a s  a  
h i g h  n i t r a t e  c o n c e n t r a t i o n ,  b u t  a  low  p h o s p h a t e  c o n ­
c e n t r a t i o n .
3) A p a r t  f r o m  t h e  m a s s i v e  A n a b a e n a  f l o s - a q u a e  b lo o m  w h i c h  
o c c u r r e d  i n  e a r l y  a u tu m n  1 9 7 9 ,  t h e r e  w e r e  no o t h e r  b l u e -  
g r e e n  b lo o m s  o b s e r v e d  i n  t h e  l o c h .  H o w ev e r ,  i n  e a r l y  . 
s p r i n g ,  t h e  A s t e r i o n e l l a  f o r m o s a  was g e n e r a l l y  h i g h ,
4)  T h i s  l o c h  h a s  few  s u b m e r g e d  m a c r o p h y t e s ,  b u t  b e n t h i c  
a l g a e  ( s e d i m e n t a r y  c h l o r o p h y l l )  p o p u l a t i o n s  a r e  h i g h .
b )  L och  K i l c o n q u h a r
1) L o ch  K i l c o n q u h a r  i s  a n  o v e r - e u t r o p h i c a t e d  l o c h  a s  
■ n u t r i e n t s  i n  t h e  w a t e r  a r e  h i g h ,  p a r t i c u l a r l y  p h o s p h a t e .
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an d  b l u e - g r e e n  a l g a l  b lo o m s  a r e  f r e q u e n t .
2) The t y p e s  o f  s u b m e r g e d  m a c r o p h y t e s  ( f o r  e x a m p l e :  
Z a n n l c h e l l l a  u a l u s t r i s . B n t e r o m o r u h a  I n t e s t i n a l i s  and  
C l a d o p h o r a  f r a c t a )  a r e  " c u l t u r a l  e n r i c h m e n t "  w a t e r  
p l a n t s ,  i n d i c a t i n g  t h e  l o c h  i s  h i g h l y  e n r i c h e d .
3) The s o u r c e  o f  n u t r i e n t  i n  t h i s  l o c h  i s  m a i n l y  f r o m  
d u c k  an d  g u l l  d r o p p i n g s  w h i c h  a r e  r e a s o n a b l y  h i g h  i n  
p h o s p h a t e .  N e v e r t h e l e s s ,  t h e  i n f l o w  w h i c h  d r a i n s  
f r o m  a n  a g r i c u l t u r a l  a r e a  i s  a l s o  i m p o r t a n t  i n  b r i n g i n g  
n u t r i e n t s ,  e s p e c i a l l y  n i t r a t e ,  t o  t h e  l o c h ,
4)  I t  w as  o b s e r v e d  t h a t  n u t r i e n t  r e l e a s e  f r o m  t h e  s e d i m e n t  
o c c u r r e d  a t  l e a s t  once  a  y e a r  i n  t h i s  l o c h ,  p a r t i c u l a r l y  
d u r i n g  warm c o n d i t i o n s ,
5) D u r i n g  t h e  n u t r i e n t  r e l e a s e ,  t h e  d i s s o l v e d  o x y g e n  
c o n c e n t r a t i o n  was v e r y  lo w .
6) I n  l a b o r a t o r y  e x p e r i m e n t s ,  t h e  d r o p  i n  d i s s o l v e d  o x y g e n  
c o n c e n t r a t i o n  was c o r r e l a t e d  w i t h  t h e  f a l l  i n  r e d o x  
p o t e n t i a l  a n d  a t  t h e  same t i m e ,  s u b s t a n t i a l  a m o u n ts
o f  n u t r i e n t s ,  p a r t i c u l a r l y  p h o s p h a t e ,  w e r e  r e l e a s e d  
i n t o  t h e  o v e r l y i n g  w a t e r .
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APPENDICES
APPENDIX I  
R edox  p o t e n t i a l
Oxygen d i s s o l v e d  i n  w a t e r  g e n e r a t e s  a  r e d o x  p o t e n t i a l  
a t  a  b r i g h t  p l a t i n u m  e l e c t r o d e  a c c o r d i n g  t o  t h e  r e a c t i o n
Og + 2HgO + 4 e  = 40H“ -  (1 )
I f  t h e  r e a c t i o n  w e r e  t o  t a k e  p l a c e  r e v e r s i b l y ,  t h e  r e d o x  
p o t e n t i a l  E ^ ,  s e t  up  a t  s u c h  a n  e l e c t r o d e  w o u ld  b e  g i v e n  b y
E, = E^ -  RT I n  -  (2 )^  °  F -
w he re  E^ c a n  b e  o b t a i n e d  f r o m  t h e r m o d y n a m ic  c o n s i d e r a t i o n s ,  a s  
i s  e x p l a i n e d  b y  C o o p e r ,  and  w h e re  a ^ ^ ^  i s  t h e  a c t i v i t y  o f  
h y d r o x y l  i o n s  an d  t h e  p a r t i a l  p r e s s u r e  o f  o x y g e n .  S i n c e  
t h e  a c t i v i t y  o f  h y d r o x y l  i o n s  d e p e n d s  on pH, o r  more a c c u r a t e l y  
t h e  a c t i v i t y  o f  h y d r o g e n  i o n s ,
-  l o g  a ^ ^  = pKw -  pH -  (3 )
( H u t c h i n s o n ,  1975)
APPENDIX I I  
S t a t i s t i c a l  A n a l y s i s  o f  t h e  D a t a
X = O b s e r v e d  m e a s u r e m e n t  
n  = Numbers  o f  s a m p l e
X  = Mean 
28 = E s t i m a t e d  v a r i a n c e
8 = S t a n d a r d  D e v i a t i o n  
t  = S t u d e n t *  s  t
f  = Numbers  o f  d e g r e e s  o f  f r e e d o m ,
1 ,  C a l c u l a t i o n  o f  S t a n d a r d  D e v i a t i o n  an d  Range f o r  t h e  Mean 
a t  t h e  95% c o n f i d e n c e  l e v e l  when t h e  num ber  o f  s a m p l e s  i s  s m a l l .
S t a n d a r d  D e v i a t i o n  i s  c a l c u l a t e d  b y  s u b s t i t u t i n g  i n  t h e  
f o l l o w i n g
s  =  (  N  y  -  ( 1  )
\  N -  1 /
From t h i s  t h e  Range  i s  c a l c u b t e d  b y  s u b s t i t u t i n g  i n  t h e  
f o l l o w i n g
X + t o  X -  -  (2  )
/ n  y/xT
t  i s  t a k e n  a t  95% c o n f i d e n c e  l e v e l .
( P a r k e r ,  1979)
GRAPH (A)  I  
( o p p o s i t e )
S t a n d a r d  c u r v e  f o r  p h o s p h a t e  u s i n g  t h e  m o d i f i e d  
Harwood ,  S t e e n d e r e n  an d  Kuhn t e c h n i q u e  ; m i c r o ­
g ram s  o f  p h o s p h a t e  p l o t t e d  a g a i n s t  o p t i c a l  
d e n s i t y .
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S t a n d a r d  c u r v e  f o r  n i t r a t e  u s i n g  A m e r i c a n  P u b l i c  
H e a l t h  A s s o c i a t i o n  t e c h n i q u e ;  m i c r o g r a m s  o f  
n i t r a t e  p l o t t e d  a g a i n s t  o p t i c a l  d e n s i t y .
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( o p p o s i t e )
S t a n d a r d  c u r v e  f o r  s i l i c a  u s i n g  t h e  m o d i f i e d  
M a c k e r e t h ,  H e r o n  an d  T a i l i n g  t e c h n i q u e ;  
m ic r o g r a m s  o f  s i l i c a  p l o t t e d  a g a i n s t  o p t i c a l  
d e n s i t y .
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